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0. INTROiUCTION

An important aspect of the design and evaluation of maneuverable

and advanced ballistic reentry vehicles is the determination of the

inviscid flow field surrounding the body. The inviscid flow field

provides surface pressure distributions required for determining the

aerodynamic loading on the vehicle and other surface information which

is needed as input for determining surface heat transfer rates and other

boundary layer effects. A cost effective method for obtaining this

information is to use high-speed computer codes which numerically solve

the steady, three-dimensional, inviscid flow equations associated with

arbitrary shaped reentry vehicles flying at supersonic/hypersonic speeds.

The numerical calculation of the inviscid flow field over reentry

vehicles is divided into two parts--the blunt body region calculation

and the supersonic region calculation (see Fig. 1). The blunt body

region calculation determines the transonic flow field near the stagnation

point. The supersonic region calculation determines the flow field

downstream of the blunt body region. The differing nature of the flow

in these two regions requires significantly different computer codes

for calculating each region. The blunt body region is computed first

and is continued downstream until supersonic flow is established everywhere

in the shock layer. The computed results from this calculation are used

to establish an "initial" data plane which is used to start the supersonic

region calculation. This latter portion represents the majority of the

total flow field on maneuverable and high performance ballistic reentry

vehicles.

4
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Fig. 1. Computational regions and cylindrical coordinate system for

reentry vehicle inviscid flow calculations.
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In this report, a computer code for performing the supersonic region

calculation is described. This code is based on the conservation law

form of the steady, inviscid equations. Codes of this type are sometimes

referred to as shock capturing techniques since internal (embedded)

shock waves in the flow field are computed in an approximate manner without

explicitly locating (or tracking) the shock surface. The present code

incorporates improved numerical methods at the body surface and the bow

shock wave which yield a wider applicability to missile design than

existing codes of this type (e.g. ref. 1).

This report is divided into two parts. In Part I, the partial

differential equations, boundary conditions, and finite difference

equations which are the basis of the computer code are discussed. In

Part Il, the fcztran computer code is described. A companion report*,

the Users' Manual, contains detailed instructions for running the code

on CDC 6000 series and 7600 machines and foi interpreting the output

results.

*Solomon, J. M., Ciment, M., Ferguson, R. E., Bell, J. B., and Wardlaw, A. B.,

A Program for Computing Steady Inviscid Three-Dimensional Supersonic Flow

on Reentry Vehicles - Vol. II: User's Manual, NSWC/WOL TR 77-32

6
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PART 1: ANALYSIS
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1. NOTATION (PART 1)

Symbols

a sound speed

a 3,aVa 5,a 7  body geometry parameters; see, (3.16a) and (3.16b)

A see (3.3d)
AP9 AO see (3.9c)

Aref reference area for force and moment coefficients
nondimensionalized by R2 (see Fig. 7)

A see (A-5a)

A characteristic matrix (Appendix A)

b =b(dt,z) body shape function

B see (3.3d)

E) see (A-5b)

c =c(4,z) shock shape function

C see Fig. 7
ClqC2see (3.9c)

step size factor, see (3.25)

D se 3.2

e z e re unit vectors in z,r,4 directions, respectively
z'. r. -)

e ore , e nsee Fig. 4 and (4.3)

e see (3.3e)

E see (3.3c)

see (2.1b)

f =f(XYZ) clustering transformation, see (3.2)

F see (3.3a)

Fa F ,F aerodyrnamic force components,
at 9 Ysee Fig. 7 and (5.1) -(5.3)

see (2.1b)

8
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g = g(Y,Z) clustering transformation, see (3.2)

G see (3.3b)

see (2.1b)

h enthalpy,

H total enthalpy, see (2.2)

H see (3.8b)o0

j 0 or 1, determines scheme, see (3.6a) and (3.6b)

k step number

thermodynamic derivatives, see (3.16) and (A-4)

zXZ ,+(i), X 2) characteristic null vectors, see Appendix A

m denotes mesh point Y = Ymo see (3.4)

ms limit mesh point for wall entropy reduction,
see Sec. 4.2

M value o m corresponding to Y = 1, see Figs. 2
and 3

M free stream Mach number

Mc MMc aerodynamic moment components about
a' n y C, see Fig. 7 and (5.4) - (5.6)

72f Mach number in front of oblique shock, see (4.9)

n denotes mesh point X = X , see (3.4)n

n normal vector

N value of n corresponding to X = 1 (bow shock),
9 see Figs. 2 and 3

0 matrix, see Appendix A

p pressure

P log p

see (3.16a) and (3.16b)

t9
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'OD see (3.19)

Q (p,u,v,w)

r radial coordinate, nondimensionalized by R0

R nondimensionalizing length
0

see Appendix A

Rs see (3.9c)
s entropy,

Tg 5Tf 4Tf Tf7 transformation quantities, see (3.3h) and (3.3i)

u velocity component in r direction

U = (UI,U2,U3,U4 ) conservation vector, see (2.1a)

U averaged values of U, see (4.11)

v velocity component in direction

V V 2 +v 2 +w 2

V velocity vector

V normal component of velocityn

Va velocity compc.nent in 0 direction

V2  v + (b /b)u

V/ see (3.17a) and (3.17b)

w velocity component in z direction

x,y see Fig. I or Fig. 7

(x y,-z) see (3.1)

10
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(X,Y,Z) coordinates in computational space, see Figs. 2 & 3

Xz,X r,X see (3.3g)

YzY see (3.3f)

z axial coordinate (see Figs. I or 6) nondimensionalized
by R0

Z z coordinate of moment center C, see Fig. 7
c

Z ref  reference length for moment coefficients,
nondimensionalized by R

0

z 0axial location of initial plane

(z ) center of pressure in pitch, see (5.9)
c.p.

(z ) center of pressure in yaw, see (5.10)

angle of attack, see Fig. 1

angle of side slip, see Fig. 1

so see (3.9c)

6 1 see (3.16)

Y ratio of specific heats

effective gamma, soe (3.7)

AX/AY (j = 0),-AX/AY (i = 1)

AXAY computational mesh spacing, AX = I/(N-1), AY = I/(M-1)

AZ step size, see (3.25)

n = (nl,n 2 , 3 ,n 4 ) see (3.17a)

6 turning angle, see (4.7)

@ see (4.11)- ( 1 2, , 4) see (3.90)

, , characteristic values, see Appendix A
0' +

X + see (3.16)

X_ see (3.9c)
V9,I,1129V 3  stability parameters, see Sec. 3.6

l1
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v l + (b /b) 2 + b 2

W z

v V +c c) 2 + c2

pz

= (Ei,2,3,F4) see (3.16a)

0 density

J, r see Fig. 4

6azimuthal angle

0 7 for the symmetric problem; 27 for the nonsymmetric
problem

see (3.8c)

Subscripts

n,m quantity evaluated at X = Xn, Y = Ym

s quantity evaluated at bow shock wave

w quantity evaluated at wall

I

quantities at upstream and downstream side of body+ slope discontinuity in section 4.1 only

Superscripts

k quantity at'step Z = Zk

* predicted value (except in Appendix A)

Other

f- A dependent variable used as a subscript denotes partial differentiation
with respect to that variable; e.g., if b = b(4,z) then

Tb
b = ;b

z z

jqj denotes the absolute value of q if q is a scalar and the modulus (or
magnitude) of q if q is a vector.

* and x denote vector inner product and cross products, respectively.

12
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2. GOVERNING EQUATIONS AND BOUNDARY CONDITIONS

2.1 Steady Flow Equations

Consider a body oriented cylindrical coordinate system r,O,z

illustrated in Figure 1. With respect to these coordinates, the

conservation of mass and momentum equations for a steady, inviscid,

flow can be written as a system of (weak) conservation laws; i.e.,

au + a(2.1)
3z 3r D

where

UIw

p + w2 (2.1a)

3  Pwu

4 Pwv

and

Pu pv pu(pv (u (11b
p + Qu Pvu uv

Pvu p + Ov 2puv

In the above, p denotes pressure and p denotes density and u,v,w are

the velocity components in the r,bz directions, respectively. The

energy equation for a steady inviscid flow with an isoenergetic free

stream can be reduced to an algebraic equation; viz.
1I, 2 H= 2. 2 2 (.2

h+ (u2+v2+w 2) = H - h + _Iu2+v +w 2 (2.2)

Here h is the enthalpy and H is the total energy in the free stream (which

is constant). In the above equations and throughout our discussion, all

lengths are non-dimensionalized by R0, some body length; all other quantities

are dimensional.*

*It is understood that the dimens ons are consistent, i.e., velocity has

dimensions of (pressure/density) and enthalpy has dimensions of

pressure/density.

13
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The flow is assumed to be in local thermodynamic equilibrium (or

frozen-equilibrium) so that known relationships exist between the thermo-

dynamic variables, p, p, and h. Two other thermodynamic variables will

be introduced later; viz., the sound speed, a, and the entropy, s. We

assume the standard form of the thermodynamic relations which expresses

h, p, and a as functions of p and s. In addition, we assume that s can

be expressed as a function of p and h and also as a function of p and P.

The computational algorithm which will be described in the next section

specifically requires that h = h(p,p), a = a(p,p) and, at certain points,

P = P(p,s)--these relations being given either in closed form or as

curve fits. Note that the sound speed can be defined in terms of h(p,p) by
2 3h 9h a 2

a ( 2)p + (P)p = P (2.3)

For the special case of a perfect gas* with ratio of specific heats, y,

we have

h - , = Y [perf] (2.4)

and

p/p = exp Ul (log (p/p.) - (s - s.)/c). [perf] (2.5)
Y

where c is the specific heat at constant volume.

*The term perfect gas used herein refers to a gas satisfying the perfect

gas law (thermodynamically perfect) and having constant specific heats
(calorically perfect). Throughout this report equations which are
valid only for perfect gases are followed by [perfi.

14
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2.2 Boundary Conditions

The shock layer is bounded by the given body surface, and the bow

shock wave, which is an unknown to be determined. The body surface is

assumed to be prescribed in the form r = b( ,z) where the function b(,z)

is continuous and piecewise twice continuously differentiable. On the

body surface, the boundary condition for inviscid flow is that the normal

component of velocity must vanish, i.e.,

u - bzw - (b /b)v = 0 (2.6)

The bow shock surface is assumed to be in the form r = c( ,z),

an unknown function, to be determined in the calculation. On the bow

shock surface the Rankine-Hugoniot relations must hold. These relations are:

PV = P V , o

-nV =V -nVn Co nn n (2.7)

p + pV = p. + p. V 2

nn
1 2 12

h + -V =h + -V
2 n 2 2n.

In the above, V = n"I is the component of velocity normal to the shock

surface and, Vt= - V where n is the unit vector normal to the shock
n

surface given by

(c e -e +- e)V z z r c
(2.7a)

Vs i+ cz2 + (c/c)2

where ez, er' and e! are the unit vectors in the z, r, and i directions,

respectively. In (2.7), the subscript - refers to the free stream quantities

(upstream of the shock); all other quantities are values immediately behind

(downstream of) the shock.

15
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B AS IC C(MI TAT 1 LNAI A!(OR 11 W

The region ot the shock aerin Which thl iXi,1 Iveloai tv component

is supersonic (i.e. , wuI) iS r-eferred to herec as tht regpusni ~ion.

It can he shown -hat in this region the syst em (2.I) is of hvperbol ic

type with the z axis as the time-like dlirect ion. Th i - i mpIi es among

o ther t hings tha t the nume ricalI solIu t i on of (2.- 1) (2 .2) can he ob tained

by marching s-tepwise in the z di reCtion. TIhe procedure adopted here

oriplovs an explicit finite difference method which -advances (i.e.,

determines) the flow variables c,p,w,u,v and the bow shock geometry

C'C to station z + Az using the known quantities at station z.

The step size .1z is chosen to satisfy a stability criterion.* The calcula-

tion hogins at s-ome plane z =z 0in the supersonic region where all flow

quiantities and shock geometry are known. This plane will be referred

lo as the initial plne. The calculation is continued downstream to

any des;ired axial station (or until the axial velocity becomes sonic)

b v repeated use of the procedure using the previous z + Az as the next

known station.

2..Conmptationai Region and Transformed Equations

In the following discussions two different problems will be considered;

the qrmmetr-i aind the non-symmetric problems. In the symmetric problem,

the bodv' is assumed to he symmetric about the pitch plane (i.e., in Fig. 1,

tie , body is symme-tric about the x - z plane and n2). The calculation

!var thsproblem need only be performed for O! 'K- since the flow field is

f a CIboult =0 and 7 T (wind and lee sides, respectively).

Se(ction 3.6

16
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The planes = 0 and n = are symmetry boundaries where all variables are

even functions of except v which is an odd function of 0. In the

non-symmetric problem, the body need not be symmetric and/or a 0 0. In

this problem, the calculation must be performed for 015_2r; and all

variables are periodic functions of with period 27.

For both problems, the shock layer for z z is transformed into the
0

computational region Z2- zo , 0iXI-l, Os The transformation is

conveniently expressed as a composite of two mappings. The first is

given by the usual normalizing transformations;

Z= Z

x = [r-b(z,O)]/[c(z,O)-b(z,O)] (3.1)

y W=

where 0o is 7 for the symmetric problem and 2ir for the non-symmetric

problem. This mapping by itself transforms the shock layer into the

region za:Zo, Oxel, 0'_y:-i. The second mapping maps this region

one-to-one onto itself. For computational purposes, it is convenient

to express the second mapping in inverted form, i.e.,

z=Z

x = f(X,Y,Z) (3.2)

y= g(YZ)

where f(O,Y,Z) = 0, f(I,Y,Z) = 1; g(O,Z) = 0, g(l,Z) = 1. The primary

purpose of the second mapping is to cluster computational points in the

shock layer by choosing f and g appropriately (see sec. 4.3 for a discussion

of this feature). The mapping functions f(X,Y,Z) and g(Y,Z) must be

17
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twice continuously differentiable and be given so that the functions

and their derivatives up to and including the second order are

accordingly smoothly defined. Apart from this restriction (and certain

ones which will be imposed in sec 3.5), the functions f(X,Y,Z) and g(Y,Z)

can be arbitrary. When no transformation is desired, then one should

set f: X and g -Y.

The governing equations, (2.1), wheft transformed to the computational

space (X,Y,Z) by (3.1) - (3.2) become

-U +-+2G + E = 0 (3.3)

where

F = XzU + XrY+ X =  Xzp + PwA (3.3a)Sr X r p + O UAA

iX p + PvA

('B

G -YzU + YA = + pwB (3.3b)

puB

ly p + pvB

ax ax' ax ax ax

(e

= we I + (YzTg5 + Tf4X + Tf )p

2
ue PV + XrTf4P (3.3c)*

e + -I[pvu + P(X Tf + Y + Tf]1vrI  4 9 T5 Tf 7

*The awkward appearing notation (Tf 4, Tf6 etc.) follows the FORTRAN

formulation of our code.
18
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In the above,

A=X w+ X u+_X v B =Y w+-4v (3.3d)
z r rP z r

el=pu+ ATf g T WTf +r Tf (3.3e)
r g f6 rf7

Z= - ,zg Y 1/0 og,) (3.3f)

X r 1/[f x(c-b)]

x fz +Y -f Y)/fX + Xr[ (f-l)bz - fcz I (3.3g)

X Y - f + Xr[(f-1)b - fc,

T 95= gy/g T 96 gzy/gy (3.3h)

T f / tTf 7 = YfYX /fx (b -c )/(c-b)

(3.3i)

T f6= T 96+ (f zx+ Y f JX/ bZ /cb

Note that in the above, the body slopes, b zand b, are derived from the

given body geometry function; the shock slopes, c zand c,, are unknowns to

be determined in the calculation.

The system of partial differential equations (3.3) is discretized and

solved numerically in the computational space using a mesh defined by

{(x n ,Y ):X n = (n-l)AX (n=1, 2 ,.-,N), Ym = (m-l)AY(m=1,2, **M)l (3.4)

where AX = l/(N-l) and AY = 1/(M-1). In Figures 2 and 3, we depict typical

discretized computational planes Z = z = constant and the corresponding

19
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&~r("=Aq)

S vc

Xt rc wzw e-

P I-; -I -- % - 3-- cn

___ ~ ~ ~ .___ _______

AX.L

4=0 4- -II-

r I*tV\ C Oo.w

Fig. 2. Computational and corresponding physical plane for symmetric problem
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* >diccoe

P -I fhcon

#O27r .--- -

Ax~ 4 ~~ z

rh ~ 6o t

Fig. 3. Computational and corresponding physical plane for the non-symmetrical

problem

21
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physical planes for the symmetric and non-symmetric problems, respectively.

As indicated in the figures, there are four types of points each requiring

differing numerical procedures; interior points corresponding to

n=2,.--,N-l; m=2,-'-,M-l; points on the symmetry or periodic boundary planes

Y=O and Y=1 (m=l and m=M, respectively); boundary points at the bow shock,

X=l (n=N); boundary points at the body surface, X=O (n=l). For all points,

the solution is advanced using predictor-corrector finite difference methods,

i.e., the known solution at Z, say, is used to determine temporary (i.e.,

predicted) values at Z + AZ; then the predicted values are used to determine

the final solution (i.e., corrected) values at Z + AZ.

In section 3.2 - 3.5 below, the particular method used for each of

the above four types of points will be described. We shall assume that the

quantities p,u,v,w,p,c, C, cz are known for Z = Zk on the mesh defined by

(3.4). The objective is to determine these quantities on this mesh for

kZ =Zk+l =z + AZ.

3.2 Interior Points

The numerical solution for all interior points is obtained by

approximating the system (3.1) by the second-order accurate finite difference

scheme of MacCormack (ref. 2). In the code, either of two MacCormack

schemes can be selected. These are given by (j = 0 or 1):
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(predictor) 17* = Uk + Az k
n, m nm Z' .- n,m

(3.6a)
where k

F -F GC
() k = ( n+jm n+j-l,m) n , n- ni) - Ek
Zn ,m AX n,m

(corrector) Uk+l l[u k + :) *

nIm 2 nm n,m ,3z n,m

where (3.6h)

F -F -G
(U)* n-j+l,,n n-j m n,m n,m-) E

Zn,m = -( AX AY n,m

In the above, U = U(Z k,X ,Y ). The quantities F 
k  C k  

, 
k

n,m n m n,m9 n,m n,m
kare evaluated from (3.3a) - (3.3c) at the point (Z ,X n,Y M) using the known

quantities n,u,v,w,p,c, and cz with c$ given by (3.5). The quantities

* (k+1
U are the predicted values of U at (Z X ,Y) from which predicted

values of the flow quantities P,u,v,w,p can be determined using the

definicions (2.1a), (2.2), and the thermodynamic relations. (This is

described in the next paragraph). The quantities Fn, Gnm F are
n,m9 n n,m

k+ 1evaluated from (3.3a) - (3.3c) at the point (Z kl,X n,Y) using: the

predicted values of P,u,v,w,p, c6, cz, and the corrected values of c.

The predictor and corrector procedure for c, c,, cz will be described

in the discussion of the bow shock points.

In the above, the flaw variables ;,u,v,w,p must be determined (or

decoded) from the computed conservation variables U 1I,U 2,U3,U4 atter both

the predictor and corrector steps. For decoding, it is convenient to
I:

introduce an effective gamma defined by

= I/(I - P-) (3.7)
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From the definitions (2.1a), we have

u U/U 9V - U /U
1' 4 1

u =uU3/U~l w ,,v =U4/U/ I(3.8a)

P = - UwP U /lw

Substitution of (3.8a) into (2.2) yields
U2 +U2

2 w2 H = 2H (3.8b)2 0f  0 [H ' o O 2

Substituting P and p given by (3.8a), and h given by (3.8b) into (3.7), we

obtain a quadratic equation for w. The root of this equation corresponding

to w 2 > Pp/p is

u2 [rI+ /f-. 1)[ U
2 = = (r2 -I)- 11 (3.8c)U1 (r + )

In the case of a perfect gas, r = y, which is known, and equations (3.8c)

and (3.8a) provide the desired decoding formulas. For a more general

gas where h = h(p,p) is given as a curve fit to thermodynamic data, r

is not known a-priori and the decoding cannot be performed in closed

form. In this case the decoding can be performed by solving the nonlinear

equation

h(p,p) - (H - w2 ) 2 0
2 o

for w. In this equation h(p,p) is the value of h obtained from the curve

fits with p and p defined by (3.8a). In the code, this equation is

solved iteratively using the secant method. To start the iteration in the

predictor cycle, the initial guess for w is obtained using (3.8c) with

the value of r from the previous step; the second guess uses (3.8c) with

the value of r defined from (3.7) which results from the initial trial.
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For the corrector cycle, the iteration is started similarly except

the initial guess uses in (3.8c) the value of r defined in the predictor

step.

3.3 Bow Shock Points

At the bow shock boundary, the Rankine-Hugoniot relations (2.7)

must be satisfied. These relations give the flow variables at the shock

in terms of the shock geometry c, c, and cz (which are unknowns) and the

free stream quantities. In the present procedure, a special system of

equations for c, c, and cz is numerically solved using a second-order

accurate predictor-corrector method to advance the shock geometry. This

procedure differs from the more common practice of determining c using

central differences of c (see, refs 1,3,6,7,8, and 9).

The system of equations used for advancing c, c,, and cz is developed

in Appendix A (see, (A-20) - (A-22)). The resulting system is,

C - (Y /Y ) c¢ (3.9a)
3zz _
lc Y 3 Y ! (3.9b)

c I C2 - y ) - -C (c Y c /Y )11 (3.9c)
aZ C1  s c z3Y c z z

where

C1  (v w - cV ) A1 - (p - p.)[ + (cIc) 2 ]V2

C2 = f{[ vs  - (c cn 3 A + C (C /c)(P P.)}/v 2
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A, [ 0 p Vn + P(Vs w -c V )I Ao + 0 P (V - V )
1 a n s z n o n nl

(V - V )[a 2 + + (a 2 /p)V (V - Vn® n n in n. - n
A0 V (a2 -V 2 )

nco n

(W 2 - a2)[1 + (c /c)2 + u (c /c)Vj
2

a

Dp ah

= .F aG
s X + 5-y + E) - (A1 - VsPW)[V + (c /c)ulYz/(Y Vs

= ( 1' t2' 3' 4)

I 2 - ( 1Ip)V 2]X, 2 [(u - (cO/c)v) - X_1/w + X_ 1I w/P

3 i -i, / = c,/c + 1vP

= - w + [u- (c/)v](2 - 2)
0F 

ac

In the above, the quantity a.(- + 9 + E) denotes the inner product ofatx ay
these vectors. Note that for a perfect gas

A l = - p/h [perfi.

In the case of a more general gas where h = h(p,p) is given as a curve

fit to thermodynamic data, ki is determined numerically using central

differences.

The quantities c, c¢, and c are advanced using predictor-corrector
z

methods in the form:

26
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* k + Z ,ck

m m 3z N,m

* k c
(c )m = (c m + AZ 1ZN,m (predictor) (3.10)

(Cz)m = (c z)k + AZ c N,m

k+l 1 k * + a) * I=- [cm + cm + AZ .- )Nm
CM = 2 m m Z N,m

k+1 1 k * T
(c ) = !2 [ ) + (c )m + AZ ( ) N,m] (corrector) (3.11)

k+l 1 k * z
CZ) M  = [(c z ) + (Cz) m + AZ

where in both the predictor and corrector steps the derivatives
ac 3c

2c Z and - are determined using eqs. (3.9a) - (3.9c). In the
n,' 3z 3

kpredictor step, (3.9a) - (3.9c) are evaluated at (Zk , 1. Y ) with the

Y-derivatives approximated by

kk
a k N~ - N,m.tv ;Y) N,m AY

and the X derivative, - approximated by

kF kk
~k Fk  - F

F Nm AX

In the corrector step, (3.9a) - (3.9c) are evaluated at (Zk + AZ, 1 m

using the predicted values of the flow variables and shock geometry

(corrected value of c, see below) with the Y derivatives approximated by

* )*

* A Nm-i

YN,m A "
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and 2- approximated by

* -* Fk - k F
F -F F k -2F k + Fk

3F N,m N-Im + Nm N m-1 Nm-2
"X N,m AX AX

The latter formula is used to achieve second order accuracy. The corrector

for the shock shape c is performed before the corrector for c, and c •

This allows the use of corrected values of c in the evaluation of - and
3c

in the corrector step and also in the Rankine-Hugoniot relations.

After advancing c, c, and cz in the predictor (or corrector), the

predicted (or corrected) values of the flow variables at X = 1 are

obtained from the Rankine-Hugoniot relations. These are rewritten for

the purpose of the computation using the effective gamma defined by (3.7).

The result is

FI2p V 2 (- (.r)'
1+ V2  + (P - prY n ( n-

r- n n r.-l

2 2 / 2 + p- - p) (3.12)

V
n .

n

U =U + - ) - w = w (u - u)c v = v (U - u )

In the above, V is the free stream velocity component normal to then

shock and w ,v.,u. are the free stream velocity components given by

VO cosP cosa, V. (cos8 sina sin - sinB cost), and -V (cosR sine cosO

+ sinP sin), respectively. For the case of a perfect gas, r = r. = Y,

and (3.12) give directly the flow quantities at X = I since V is known

when c, c, and c are determined. For a more general gas where h = h(p,P)

28
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is given as a curve fit, the Rankine-Hugoniot relation must be solved

numerically. This is done by solving the nonlinear equation

h(p,P) - h - 2 2

for V . Here h(p,p) is the value of h from the curve fits with p and P
n

defined using the first and third equations in (2.7). This equation

is solved iteratively using the secant method. To start the iteration,

the required two estimates of V are obtained usingn

V = p. V /P.n n

For the first estimate, P is the value obtained from (3.12) with r the

previous value in the predictor step and the predicted value in the

corrector step. For the second estimate, the value of r resulting

from the first estimate is used.

29
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3.4 Body Surface Points

At the body surface, X = 0 (n = 1), the boundary condition (2.6)

must be satisfied. Our computational method for the points on X = 0

utilizes a special system of equations which is valid only on the body

surface. These auxiliary equations are developed in Appendix A (see (A-10),

(A-11), and (A-13) of Appendix A). Before giving the completely expanded

forms of these equations, we will discuss the basic computational method.

The basic variables on X =0 are the natural log of the pressure,

P = log p, the quantity V2 = v + (b /b)u, and the entropy, s. These

quantities are advanced on X = 0 using predictor-corrector methods in the

form:

* k + AZ( 1p)k

l,m l,m p 3Z l,m

* k 3 V2 k
(V (V + AZ( (predictor) (3.13)
2 ,m 2 m )Z 1,m

* k + AZ .3s~k

l, m  2 l,m lZ I,m

pk+l 1[pk + * + AZ (I p),
l,m 2 l, ,ml, p7 'l,m

k+l I k V) IV 2-

whre= i(vnb + pdt+ AZatr m t corrector) (3.14)V2 ) I,m 2[ 2,Im 21 , M 1

k+l I k + + s

Sl m  2 I['lm +IS' m  Zf I'm ]

where in both the predictor and corrector steps the derivatives

)p Z'V2 and are determined from eqs. (A-10), (A-1I), and (A-13).
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(The completely expanded form of these equations will be oresented below

in this section). After both the prdictor and corrector steps, the flow

variables . u,v,w,p are determined ;is tollows. From the computed value

of P, we ,htain the pressure; i.e., p = exp(P). Using thermodynamic rela-

tions, we obtain p and h from p and s. It follows from (2.2) that

2 2 2 2
V= u + w + v= 2(H - h) and from (2.6), we have

W = [l+(b /b) 2 _)2 ]V 2-V 2  Vw'

2 22w
= 1+b+(b /b) 2

w Z

(3.15)

V = [V 2 - (b /b)bh w]/[l + (b /b)2 13

u = b w + (b /b)v

Notethe boundary condition (2.6) is satisfied bv both predicted and

corrected values of the flow variables.

The above formulation, of identifying the variables P, V and s as

the variables to be advanced at the boundarv, provides a form of the

equations which allows one to maintain an accurate approximation through

regions where the flow nonuniformity develops and remains adjacent to

the body surface (e.g. entropy lavers on blunted slender bodies).

Other formulations which utilize finite differencing in the vicinity of

such flow non-uniformities characteristically are differencing nonsmooth

flow quantities and hence require some loui. modifications to maintain

the calculation. However, our formulation allows one to advance the
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solution by the differencing of only smooth quantities. In order to see

why this is so, first observe that, since such nonuniformities lie along

the body surface which is a stream surface, they have the

character of a contact discontinuity. It is known (c.f., ref. 4, p. 317-18)

that across such a discontinuity only the pressure and the normal component

of velocity can never experience jumps. Now consider the present wall

point computation. The only X differences required are in (A-10), the

equation for pressure. The quantities V2 and s are advanced using only

quantities defined on the wall. Further, the only quantities differenced

in the X direction are p and A. But, p is smooth across the nonuniformity

and A at the wall is, except for a factor involving geometry, the normal

component of velocity which is also smooth across the nonuniformity.

Hence, the wall point calculation remains well behaved. Consider now the

calculation for the adjacent interior point, X = AX. In either the predictor

or corrector (depending on j=O or 1) an X difference of F must be taken

across the nonuniformity. But at X = 0, F involves only the pressure and

geometry (since A = 0 at the wall in both the predictor and the corrector).

Thus, in the calculation at X = AX, the X difference of F is unaffected

by the nonuniformity.

The formulas used for determining - - in (3.13) and (3.16)Z' 3-z-- a zi 31)ad (.

are (A-10), (A-11), and (A-13), respectively. The actual formulas used

in the code are obtained by expanding these equations using the boundary

condition (2.6) and noting that at X = 0, Xz = - b rX and X = - bX

From (A-10), we obtain

Z r+ X - {1 W [ +  - (a w + a 4 v)] +'D} (3.16)
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where

ev V + +
b 2 + I + -

+ PIC 2 (Tg Y + T ) + I!4 (Tg5Y4 + b/b)] (3.16a)
2 5 z 96  b49

2
a (0 -b ) a2 b

+ _ 1 z V w2 +612
-+ - 2 2 2 1 - [1 + bw -a a

3b z _ bzyz/y
a 7- z - bz~z 4z )

a (b /b) 1 [ (b /b)Yz/Y
a4 - b 1z b b

b- ()I, 2, Z,44

1' 2

= W+(2-V2  ) ' 2 = b - + + wRl+/

E3 = WURlX+/P-i 9 = wvklX+/p + b /b

( p) - h
= -P -=/(ah)p

In the above, the quantity E. denotes the inner product of these vectors.

Note that for a perfect gas R, = - 0/h; for a more general gas is

determined numerically using central differences in the curve fits.

From (A-i), we obtain

= a4u + 'V/pw (3.17)
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where

a' _ pvwbz/b-(T Y + b /b) (3.17a)

aypw z b 531a

n= (nl '2 n3,n4)

l 2 n2 
= 0 n3 = - 0b/b ,n 4 = -1

Equation (A-13) remains
as B as
as =- Bs (3.18)

In the predictor step (i.e., (3.13)), the quantities mo
av 2  a aZl

() and are obtained by evaluating (3.16) - (3.18) at
az lm' nd azlm

(Zk,OY m ) with the X partial derivatives replaced by

()k k

a k 2 m 'm
(ax) 1,m AX

and the Y partial derivatives replaced by

)k _ kk ( ,m+l ( l.m

aY l,m AY

For the corrector step (3.16) - (3.18) are evaluated at (Zk + AZ,O,YM )

using predicted values of the flow variables with the X partial derivatives

replaced by

( 2,* ( *

( 2X) im lm
'ax'1, m AX

and the Y partial derivatives replaced by

= ( .)lm ~ l,m-i

(aY)1,m AY

34
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An alternative proceedure for the wall point calculation can be

obtained by rewritting (3.16a) and (3.17a) using the definitions of G

and el, (2.6) and (2.2), and the thermodynamic relation (A-12), i.e.,

=[bY + I + Y Bw +X]- 1

b~ a b2 2  z + y

- (a5 w+a 3 V)(3. 16b)

v w 9(v/w)
+PwX (T - T ) w + Tf + [Y + bzi

+ f6 6  b f7 b 3 z

where
b

ah5 = b = /Y

a - y -[b /b- (b /b)2]/Y
3 3

and

V B(au -V2 -i y 2P -vw b (3.17b)3 =Y u -3Y b z

We have found that the use of (3.16b) and (3.17b) instead of (3.16a) and

(3.17a) can in certain instances yield significantly different numerical

results. The use of (3.16a) and (3.17a) appears to provide better results on

the lee-side of bodies at large angle of attack; in fact, in spliere-cone

calculations the use of (3.16a) and (3.17a) yields numerical results

at large angles of attack where the calculation using (3.16b) and (3.17b)

fails. On the other hand, immediately downstream of discontinuities in

body slope which produce large expansions, the use of (3.16b) and (3.17b)

produces numerical results where the calculation using (3.16a) and (3.17a)

fails. The reason for these differing numerical behaviors, using essentially
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equivalent analytical formulas, is not understood at the present time.

In the present code, both formulations are available; either form can be

selected by the user. The scheme using (3.16b) and (3.17b) is automatically

used by the code after certain discontinuities in body slope are encountered

(see section 4.1 for details).

In both formulations, the X partial derivatives appearing in (3.16)

are forward differenced in both the predictor and corrector steps. This

makes the numerical solution at the wall formally first order accurate.

Both formulations can be made formally second order accurate (ref. 1)

by adding a correction to the corrector formula for the pressure; viz.,

pk+l 1 k 1 ip)* +( - k
-( P + AZ[(Ika _LV jo D (3.19)l,m 2 l,m l,m p Z 1 , lmPl,m

where

k k k
k k k 2P2,m - P3,m - M)

l,m +)lm [(X d AX

2Ak Akk 2A -A
-(pw/1 k 2X 3,m)]

Il, m Ax

-k zkThe termil'm is computed in the predictor step, using values at (Z '0'M),

and applied in the corrector step.

In the present code, second order accuracy is an option which can be

selected by the user. However, care must be exercised in the use of this

option. The higher accuracy can be achieved only when the computed flow

field near the wall is sufficiently smooth. In certain instances,
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specifically downstream of discontinuities in body slope and/or body

curvature, numerical oscillations wi ll occur in the computed wall pressure

when (3. 19) is used. The magnitude of these oscillations depends on

the size of the discontinuity; the case of body slope discontinuities is

more serious--many times causing the calculation to fail. The code auto-

maticallv switches the second order accurate schome off (if it was originally

selected) when discontinuities in body slope are encountered (see section 4.1

for details). Note that when the only flow nonuniformity present is of

the type lying along the wall (e.g., an entropy layer), the second order

scheme can still be used. This follows because the only quantities which

are differenced in the X direction are p and A which are)as we have

previously indicated, smooth quantities up to the wall.

3.5 Symmetry and Periodic Boundary Points

The procedures given above for wall, interior, and shock points must

be slightly modified at the boundary planes Y=O and Y=I (corresponding
4

to m=l and M, respectively) since some of the differences in the Y

direction require quantities defined at Y = - AY and Y = 1 + AY. The

required quantities are obtained using either symmetry or periodic conditions

depending on whether the symmetric or the non-svmmetric problem is

being considered. Additional considerations come into play when clustering

transformations are being used. For computational simplicity certain

restrictions are placad on the mapping functions f(X,Y,Z) and g(Y,Z).

These restrictions vary depending on whether the symmetric or the

non-symmetric problem is being considered.
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Consider first the symmetric problem. Here the planes 0=0 and

4=7 are boundaries where all flow variables are even functions of

except v which is An odd function of 4. Since these conditions must be

applied in the computational space (X,Y,Z), it is natural to impose on

the mapping function f(X,Y,Z), the condition

fy(X,,Z) = fy(Xl,Z) = 0 (3.20)

Now, given q e' an even function of 4 about 4=0 and 7 in the physical

plane, it can be shown using (3.1), (3.2), when (3.20) is satisfied,

that in the computational plane

q (X,-AY,Z) = q (X,AY,Z) + 0(AY3 )

and (3.21)*

q e (X,+AY,Z) = q e(X,-AY,Z) + O(AY
3)

further, if q is an odd function of 4 about 0 and Tr then

q0 (X,-AY,Z) = _ q (X,AY,Z)D(O,Z) + O(AY )

and (3.22)*

q 0 (X,l+AY,Z) = - q(X,I-AY,Z)/D(I,Z) + O(AY
4)

where

D = [2-(gyy/gy)AY]/[2+(gyy/gy)AY]

In the computation for the symmetric problem, the points on Y=O

and Y = I + AY are now treated in essentially the same manner as discussed

in the previous sections. Except for the quantities needed on the "fringe"

planes Y = - AY and Y = I + AY. These are determined using either (3.21)

or (3.22). The derivatives of g are determined by direct evaluation of

their analytical definitions at Y = - AY and I + AY. Thus, it is required

*The derivation of these expressions is carried out in Appendix B.
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that g(Y,Z) be defined (and twice continuously differentiable) for

-AY !Y41+AY. In both the predictor and corrector steps the boundary

conditions

v(X,O,Z) = v(X,l,Z) = V2(OZ) = V2(IZ) = 0 .23)

are imposed.

Consider now the non-symmetric problem; i.e., all quantities are

periodic functions of with period 27 in the physical plane. It is

convenient for computational purposes not to destroy this periodicity in

the computational space; i.e., to have all quantities periodic functions

of Y with period 1. This can be achieved by requiring that the mapping

function f(X,Y,Z) be periodic in Y with period 1 and that the mapping

function g(Y,Z) he such that [g(Y,Z)-Y] is a periodic function of Y with

period 1. With these conditions on f(X,Y,Z) and g(Y,Z), all quantities

are periodic in the computational space. The calculation is now performed

for only M-1 planes (m=l,2,--.M-l) corresponding to 0cY -l-AY. For Y=0

(m=l) and Y=I-AY (m=M-l) it will be required, in either the predictor or

corrector, to provide quantities on Y=-AY and Y=l, respectiv~ly. These

are determined by the periodicity conditions

q(X,-AY,Z) = q(X,I-AY,Z) 1
and (3.24)

q(X,l,Z) = q(X,O,Z)

where q is any quantity.

3.6 Step Size and Stabilit'

The step size AZ is chosen in accordance with the CFL condition

(which is a necessary condition for numerical stability). This condition
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is that the domain of dependence of the partial differential equations must

be contained in the domain of dependence of the finite difference equations

at all points. The computation of AZ based on this condition is carried

out in Appendix C. We give only the final results here. Note that two

finite difference schemes are available in the code (corresponding to

j=O or 1 in (3.6a) and (3.6b)) and the CFL condition for each scheme is

different. The CFL conditions for the present code are given by

AZ S A min w -a

where the minimum is taken over all computational points. At each point,

P is defined by

p= max(l,P2, 3)

where

11l= wA-a2XI + a (w2_a2)(X 2 + X2/r
2 ) + (A-wX 2

12 = iI[wB-a
2Yz + a (w2+v2 a2 )(Y2/r

2))

2 2

13 = JwA-a2Xz - 8(wB-a 2 y) I

+ a (w2-a2)[X2 + 1(Xz8y )2] + (wX -A+6vY /r)2

and

AX/AY ,if j=O

6

_-AX/AY if j=l

In the code, AZ is computed using
2 2

AZ -a AXminO w  -} (3.25)

where O<L is a numerical constant which can be selected by the user.

Certain adjustments in C can be made when discontinuities in body slope are

encountered (see section 4.1 for details).
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4. SPECIAL 1EATUIRES

4.1 Discontinuities in Body Sio

Many important flow field applications involve body shapes given by

functions b( ,z) that contain discontinuous slopes bz and b,, e.g., bodies

which have slices and/or flaps and biconics or other segmented body shapes.

It is well known that when such discontinuities appear certain discontinuities

in the flow variables at the surface are produced. Furthermore, these

flow discontinuities generally propagate into the flow field as either

shock waves or expansion fans. Numerically, such discontinuities violate

the assumptions which underlie the basic numerical algorithms. Computing

the flow field bv, marching through these discontinuities without any special

provi;ions produces numerical oscillations downstream of the discontinuity

in both the flow variables on the body surface and in the interior of the

flow. When the discontinuities are large, these oscillations can result in

a program halt or, at the very least, a substantial region of unrealistic

results.

The present code incorporates special provisions which are used when

certain discontinuities in body slope are encountered. The code approximately

locates these body discontinuities and then computes the associated flow

discontinuities in the surface flow variables based on a local analysis of

the discontinuity. We have found that this procedure gives, in most cases,

far better results than would be obtained by simply marching through the

discontinuity. The present procedure, however, is not by itself a complete

solution to all the problems associated with body slope discontinuities.

Even though the scheme for interior points is of the "shock capturing"

type, numerical oscillations in the interior, downstream of a body
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discontinuity, can develop when the discontinuity produces large expansion

or compression discontinuities. This is a defect in the MacCormack scheme.

In certain instances some numerical oscillations also occur along the wall

immediately downstream of the body slope discontinuity. A consistent

method for computing the body surface points immediately downstream of

discontinuities of this type is not known at the present time. At the end

of this section, after the discussion of the procedure for obtaining

discontinuities in the surface flow variables, various techniques available

in the code for improvln% the downstream calculation will be discussed.

For complicated geometries (e.g., bodies with slices), the precise

location of body slope discontinuities would require a considerable amount

of additional logic and computations. For this reason, in the present

code the discontinuities are only located approximately; i.e., within at

most AZ. The procedure is as follows. At every step Zk+1 = Zk + AZ,

the values of bz and b are compared to their previous values (at Z k) using

S(bz)m  - AZ max {Kbzz,k 1,1(bz)k+11) > E (4.1)

I[~ ( b ) k I kk I (b )klz zmzz m zz m

I(b )k - (b )k+ - AZ max {1(b )mk, (b ) k+11} " E (4.2)

m mZ4 m 0 m

where c is a small positive number (we use C = 10-6).

When either of the above inequalities is satisfied, the code assumes that

k k+1
a discontinuity in b zand/or b exists between Z and Z at Y = Yadsotniyibz m"

At each such value of Y, the body geometry is temporarily modified* at

Zk l by putting the body shape derivatives bz, b, b zz, bz0 , and b

*The body that is in effect created at Z = Zk+ by this convention will
be referred to as the "modified body."
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kequal to their values at Z . This temporarily removes the discontinuities

in the body slopes and the predictor-corrector sequence for the "modified

body" is performed for the step Z k+l using the basic scheme as described

in section 3. After the corrector step, the body derivatives which were

k+lmodified are put equal to their true values at Z l
. Also, for each

value of Y where discontinuities were sensed, the flow quantities at the

body surface are changed by applying a local analysis to determine the

appropriate flow discontinuities as if the body slope discontinuity were

located at Z = Zk+l. Note that this special procedure is only applied to

discontinuities ur b and b in the Z direction. No special consideration

is given to other discontinuities in body shape (e.g. discontinuities in

b for a fixed Z).

Let us now turn to the procedure for determining the appropriate flow

discontinuities at the wall points (O,Y,Z k+l) where according to the above

procedure discontinuities in body slope have been effectively placed. The

analysis is conveniently carried out in the physical space (r,4,z).

Let (r oZo)+where r o b( oz ) be the body surface point corresponding
01009; 00 0

to (O,Ymzk+l). We will denote the values of quantities associated with the

"modified body" geometry by the subscript - and the values of quantities

associated with the true body geometry by the subscript +. The modified

body geometry will be referred to as the upstream side of (ro,4,Zo); the

true body geometry will be referred to as the downstream side of (ro ,z)*.

All flow quantities on the upstream side of (r ,z ,Z) are the computed

*This terminology is motivated by the fact that the flow on the surface
of the modified body is in the direction of (ro,oZ 0).

tThe symbol o used in this section bears no connection to its use in other
sections of the report.
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values at this point using the modified geometry and thus are known. The

problem is therefore to determine the flow quantities on the downstream side

of (ro,00oz) given the upstream quantities and the body slopes on both sides.

Because b and/or b have different values on the upstream and downstream

sides of (ro , 'ozo), there are two distinct body normal vectors at this point;

i.e.,

n= - (b /b) e¢ + e - (bz). e (4.2)

The situation is depicted in Fig. 4. The vector T = n+ x n_ is tangent

to the edge of the discontinuity at (r ,¢ozo); c.f., Fig. 4. We

introduce the vectors a._ = n x T and consider the two sets of mutually per-
+ ;

pendicular unit vectors, one for each side of (r ,0,Z)' given by

e = = €/1, (4.3)
n + T =TI + +

With respect to the above notation, the basic conditions used to determine the

flow quantities on the downstream side of (ro, oz o ) are:

i.) V+.T; i.e., there is no change in the velocity component

tangent to the edge.

ii.) The quantities p+,p+, and [V+ - (V+'e)e ] are to be determined

so that the inviscid boundary condition V+.n+ = 0 is satisfied.

Note that, by computation, the upstream flow satisfies the boundary condition

• = 0. Also, using i.) and applying the condition V+'n+ = 0, we obtain

v+= - + e (4.4)
+ +

where Va+ = CV+.e ) is the only unknown quantity.

The actual procedure for carrying out ii.) depends on the value of

V = .e , the known upstream component of the surface velocity normal
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Y'

IW

-Y .) +/r

Fig. 4. Orthogonal directions used in the analysis of body slope discontinuities.
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to the edge. From standard vector identities and V-e = 0, it follows- n

that

V = * ' n-.- ) n_. +) (4.5)

When IV 0 < a_, the flow across the edge is subsonic. In this case, a

heuristic procedure is used; namely, the velocity vector is rotated to

3atisfy +.n+ =0 assuming there are no discontinuities in IVI, p, and p;

i.e.,

P+ = P_, P+= _, and V a+ = V _ (4.6)

When IVa I a_, the flow across the edge is supersonic. This case has

been analyzed by Prandtl and Meyer in a classical investigation (see; e.g.,

ref. 4, chapter XI). This analysis indicates that the quantities P+,P+,

and V can be determined using classical two-dimensional supersonic turning0+

relations in the plane determined by n+ and n_. The angle through which the

flow is turned is given by

e cos [(n+n )/In+ _ (4.7)

There are two cases; viz., V > 0 and V < 0. When V > 0, it follows

from (4.5) that (_.n+) > 0 and thus the flow is turned by a centered

expansion fan attached to the edge (see, Fig. 5a). When V < 0, it follows

that (V_.n+) < 0 and the flow is turned by an oblique shock wave attached
- +-

to the edge (see, Fig. 5b). In the latter case, it can happen that conditions

are such that no oblique shock wave exists; e.g., this can occur when 8

is large and/or (V a /a_)2 is near one. In this situation, the Prandtl-Meyer

analysis breaks down and a heuristic procedure is used. This will be

discussed later in this section.
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4- (V CT-)0

-A,-

Fig. 5. Flow discontinuities in the case V2> a2.
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In the case when V G > 0, P+9 P+, and V are obtained from the equations

for a centered expansion written in the following differential form;

dR = - pq2/ Vq 2 /a2 -1da

where
q2= 2H (_.e)2 - 2h (4.8)

-_ T(4 
8

p = p(s_,p), h = h(p,p), a2 = a2 (p,p)

s_ = s(p_,p_)

In the code (4.8) is numerically integrated on the interval 01ct.!O

(where e is given by (4.7)) subject to the initial condition p = p_ at

a = 0 using the second order Improved-Euler method with 18 subdivisions.

The final results at a = 8 give p+ = Pa=n ' Va+ = q =09 P+ = P= e .

In the case when V < 0, p+9 p+, and V are obtained using the oblique

shock relations. Consider first the case of a perfect gas. In this case,

the shock relations are given in ref. 5 (pp. 9-10); they are reproduced

here for the sake of completeness. Let P2 = (V and solve

X 3 + c X2 + c2X + c = 0

c = - (I + 2/)n2 ) - y sin 2 e [perf]
1

c= (27- + I)/e + [(y + 1)2/4 + (y - 1)/n 2 sin2 e (4.9)
2

C = cos
2 e/*l

3

for the middle root (in the above, e is the turning angle, see (4.7)).

This value of X is the sine-squared of the shock angle. We then have
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P+y/p_ = [2yX - (y - l)]/(y + 1) [perfl

+ = (y + )M2x/[(y - )Th2 X + 2] (4.10)

+_ 
+

V /V a 1l - 4(fx - 1)(y x + 1)/[(y + 1)2 4 x]

As we pointed out earlier, (4.9) may not yield a root which is physically

meaningful (i.e.,one that increases entropy) for certain values of Mand e.

This occurs when

(2c 3 
- 9c c + 27c )2 + 120c c 2 )  0

1 1 2 3 2(3 3  2

In this special case, a heuristic procedure is used; namely, a normal shock

wave (i.e., normal to a ) is assumed to exist on the upstream side in front

of (ro, oz). The flow quantities behind this normal shock are obtained

using (4.10) with X = 1. The final results for p+, P+, and VG+ are obtained

by performing an isentropic expansion from the normal shock values to the

turning angle 6 using a modified Newtonian pressure law; i.e.,

p+ = max {p, pns sin
2 e}

S+ = S(Pns' Pns ) , h = h(p ns, P ns)

P+ = p(s+, p+), h+ = h(p+, P+)

V - (V a)2s + 2(hns - h+)

where the subscript ns indicates the values obtained from (4.10) with

x = 1.
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In the case V < 0 for a real gas, the oblique shock must be
a-

determined by iteration. The procedure used is to satisfy the energy

equation

2 2
u + 2h(p, p) u+ + 2h(p+, P+)

where

u sina V 0  U+ = cosa V (I - tane ctna)/(tane + ctnB)
ru -u++

and a is the shock angle (to be determined). Here u and u+ are the

velocity components normal to the shock. The algorithm is initiated by

taking sin$ > maxfsinO, l/m; the value of sina is then increased until

the above equation is satisfied (If an increasing entropy solution is

available). If such a solution does not exist the heuristic procedure

described above for the perfect gas calo is used with y r. I

As we have already pointed out, the calculation downstream of body slope

discontinuities is adversely affected by the resulting discontinuities in

the surface flow variables. In order to minimize, these effects certain

optional numerical procedures should not be used downstream of the

discontinuity. These are:
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i.) the second order accuracy option for the wall point

calculation (see, sec. 3.4)

ii.) the wall entropy reduction option (see, sec. 4.2) when the
discontinuity produces an oblique shock wave

Furthermore, we have found from computational experience that the version

of the body surface point calculation using (3.16b) and (3.17b) gives the

best results downstream of a discontinuity. Therefore, after a discontinuity

in body slope has been encountered at say, Y , the code automatically makes

the above modifications for the remainder of the calculation on Y = Y
m

When discontinuities are encountered which produce large expansion

discontinuities at the surface, the calculation for interior points down-

stream of the discontinuity becomes ill-behaved. Numerical oscillations

appear in the conservation vector U which can produce negative pressure at

isolated points in the interior flow field. For such situations,

the code has incorporated a selective (local) smoothing scheme*. If the

pressure in either the predictor or corrector step is negative at an interior

point (XnYmZ k) then the conservation vector is redefined using

k (Uk + 8 Uk U )/(8 + 2) (4.10.1)

n.,m n+l,m n,m n-I'm

where 8 is a non-negative integer which is chosen by the user. In the

calculation, Uk is replaced by U and the flow variables at (X ,Y ,Zk)
n,m n,m n m

are redefined accordingly. In some instances, the computed results are improved

after large expansion discontinuities by reducing the step size. The code

includes an option which automatically does this after an expansion discontinuity

*The application of such smoothing techniques can be shown to yield Cirst

order accurate approximations for smooth flow problems.
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by changing the step size to AZ/I where I is an integer greater than or

equal to one which can be chosen by the user. The calculation for

interior points downstream of compression discontinuities is better

behaved than when expansion discontinuities are present and no special

techniques need be applied at interior points in the case of compressions.

Immediately downstream of large compression or expansion discontinu-

ities the wall point calculation is ill-behaved. We have found in computa-

tions for planar compression and, expansion ramps and axially-symmetric

bodies that the region of poor surface results extends from the discontinuity

downstream to a point on the body where the shock wave propagates into the

interior flow past the first interior point (corresponding to n = 2). Based

on these observations, the difficulty appears to be that in the wall point

calculation the differences in the X direction must be taken across the

flow discontinuity until it propagates across the first interior point.

At the present time no rational approach for computing the wall points in

this region which is valid for general three dimensional flows is known.

We have found that the following heuristic procedure improves the numerical

results at the wall in this region. After a discontinuity in body slope

has been encountered, which produces a pressure discontinuity at say,

Ym' the wall point calculation at Ym for subsequent steps is performed

while the terms in (3.16) which contain X-derivatives are multiplied

by a factor. This factor increases smoothly from zero at the edge to

unity after a fixed number of downstream marching steps.
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The user can select the number of marching steps for the code to

use this procedure. (When this number is put equal to zero the procedure

is not used.)

In the calculation of complex body shapes (e.g., bodies with slices

and finite span flaps), there can be planes Z = constant where some wall

points have expansion discontinuities, some have compression discontinuities,

and some have no discontinuities. The code logic has been written to

account for such situations with regard to both the determination of the

discontinuities at the body surface and the special numerical procedures

used downstream of the discontinuities.

4.2 Wall Entropy Reduction

In the calculation of blunted smooth body shapes, the basic scheme will

maintain the wall entropy at the stagnation point value (see, (3.13), (3.14)

and (3.18)). This is the correct value of wall entropy corresponding

to inviscid flow. In the case of a slender blunted body, the flow variables

downstream of the nose develop large radial gradients at the wall (except

for pressure and the normal component of velocity). The region containing

these gradients decreases in thickness as the flow develops downstream.

This inviscid phenomenon is known as the entropy (or vortical) layer. As

* we have previously pointed out (in section 3.4) the basic computationalf
scheme is inherently capable of maintaining the correct inviscid value of

wall entropy and performing the calculation when strong entropy layers

are present without using special numerical techniques. In practical

calculations of interest the entropy layer cannot actually be resolved
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numerically because ultimately the layer's thickness will become smnller

than the radial mesh spacing that one can afford to employ on any computer.

When this happens, the present code computes a flow discontinuity at the

body surface which corresponds to the variation of the flow variables across

the entropy layer. This numerical discontinuity has the character of a

contact discontinuity in that the pressure and normal component of velocity

are continuous across it.

The development of the entropy layer and the corresponding numerical

discontinuity produces at the body surface a flow which has a higher entropy

and lower Mach number than the adjacent interior flow. This has at least

two important effects on the subsequent calculation for the downstream flow

field. First, the low axial Mach number at the surface causes a decrease in

the step size AZ (see, (3.25). Thus, more computational steps are required

and, hence, more computational time is required than if the wall entropy

were at a level corresponding to the adjacent interior flow. Second, the

lower speed flow on the wall can, in the presence of internal shock waves

near the wall, become locally subsonic in the axial direction even though

the adjacent interior flow remains supersonic. The appearance of axially

subsonic flow at any point in the computation immediately halts the

calculation.

It is therefore expedient in some cases to reduce the wall entropy and

thereby reduce or eliminate the entropy layer. The procedure for performing

this given by Kyriss and Harris (ref. 6) is incorporated as an option in the

present code. The method is basically to define the wall entropy by linear

extrapolation from the interior points rather than using (3.13), (3.14)

54

- . .. ~ -. I



NSWC/WOL/TR 77-28

and (3.18). This procedure gradually reduces the wall entropy as the

entropy layer develops. The actual algorithm is given by

2 S k k if Sk  > Sk

2 I 3S2  - m 2,m- 3,m

SI'm =k k (4.11)

1 S + Sk if S k < sk
2$2, m  $3, m  ; 2,m 3,m

2 S* S* * *

2 - S if S2mS3m
Sk+l2 M 3 2 3,

SI 1 = ~
S(F + S if S < S (4.12)
2 "2,m 3,m ' 2,m 3,m

The wall entropy is defined by (4.11) or (4.12) for lm-ms and by

(3.13) or (3.14) and (3.18) for ms < m S M where ms is an integer 05msiM

which is selected by the user. Note that when ms = 0, the option is not

used and when ms = M, the option is used for all wall points. Kyriss and

Harris use essentially this procedure only on the windward plane (ms = 1,

for the symmetric problem) and allow the lower entropy to be convected

around the body using (3.18). We have found that ms = 2 works better in the

present code. Note that unless ms = M, there will be no reduction of the

wall entropy on the leeside in a symmetric problem (c.f., (3.18)).

Reducing the wall entropy by the above procedure substantially increases

the step size and thus decreases computer run time without changing the

surface pressure results for smooth body geometries. The other surface

variables, however, are changed considerably. When discontinuities in

body slope are encountered, the associated jumps in the surface flow

variables (see, sec. 4.1) are significantly different depending on whether

or not the wall entropy has been reduced. Furtherdifferences in the computed
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surface pressure distribution develop for a region immediately downstream of

the body slope discontinuity even though the option is turned off after a

discontinuity in body slope is encountered. We have also found that in

some calculations involving windward flaps that the use of this option

resulted in successful calculations, whereas, the calculation not using the

option failed due to the appearance of subsonic axial flow at some point

on the flap.

It should be pointed out here that the above option is a purely heuristic

procedure and there are many open questions associated with its use. No

rational interpretation of the numerical results obtained using the option

has been given--the results do not correspond to inviscid flow in the strict

sense. At the present time it is not known a-priori when (or when not) to

use this option in general circumstances. When new flow configurations are

to be computed, we strongly recommend that where possible a few test cases

should be computed both with and without the option and that the decisions

on the use of the option should be based on a close examination of the

results for physical consistency.
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4.3 Mesh Clustering

In this section the use of the mesh clustering transformations in

our code is discussed. As indicated in Section 3.1, clustering the mesh

in the physical plane in either r or 4, or both directions, can be

accomplished by appropriate choices of the mappings f(X,Y,Z) and g(Y,Z).

The primary purpose of mesh clustering is to distribute points in the

physical plane (r,4),Z = const. so that a region of large flow field

gradients will contain relatively more computational points than a region

where there are more gradual changes. The use of such techniques is

fairly common, see refs. 3,7, but very rarely is it carefully described in

terms of its overall efficiency and cost effectiveness.

Our preliminary experimentation with these techniques has revealed

that a straightforward attempt at incorporating such mappings into flow

field calculations may produce unexpected difficulties. For example,

attempts at clustering mesh points in the r direction near the body surface

to resolve the entropy layer were not successful. It is clear that if

one attempts to fully resolve the types of entropy layers encountered on

missile configurations that the transformations themselves would have to

incorporate such large gradients that computationally the transformations

could appear to be "discontinuous".

To illustrate some of the code requirements that must be satisfied

an example is included. Consider the set of transformation functions for

(3.2) given by

z Z

(z - z)X + X
x= f(X,Y,Z) = (Z- z) + , Z z 0

(z - z )y + Y
y g(Y,Z) = Z + 1o)
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where J, are integer exponents chosen suitably and z0 represents the

Z location where the calculation is first started. The above transformation

has the effect that a uniform mesh at Z - z is gradually, as Z increases,

evolved into a mesh with more radial points clustered about the body surface

and more planes clustered about the wind plane (0 - 0) in the physical

plane (see Fig. 6).

For f(X,Y,Z) and g(Y,Z) to be an admissible coordinate transformation

they must be one-to-one (invertible) mappings and twice continuously

differentiable with respect to X,Y,Z and satisfy

f(0,Y,Z) = g(Oz) 0
(4.13)

f(l,Y,Z) z g(l,Z) 1

For our particular example, the definition immediately reveals

that these conditions are all satisfied. Note in addition to the piecewise

analytical definition of f and g our code requires the following partial

derivatives be similarly given:

{gy'gz'g y'gzy )

Returning to our above example, note that these partial derivatives

are easily determined. It is also easy to verify that our example is

one-to-one since one easily checks that fX(X,Y,Z) > 0 and gy(Y,Z) > 0

are satisfied. Furthermore, we observe that

1
fx(OY,Z) - gy(o,z) z+

indicating that for Z 5> 1 more points are clustered about th iy

surface and wind plane (see Fig. 6).
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Finally an additional condition is imposed at the boundary. To

apply the transformation to a symmetric problem it is required that

fy(X,0,Z) f fy(X,I,Z) = 0

For the above example this is clearly satisfied. On the other hand, the

above transformation would not be suitable for a non-symmetric problem.

For in this case it is required that

f(X,Y+I,Z) = f(X,Y,Z)
(4.14)

g(Y,Z) - Y = g(Y+l,Z) - (Y+l)

Whereas the former condition is clearly satisfied, it is easy to see

that no choice of exponents Z in our above example will make g(Y,Z) - Y

satisfy the periodicity condition.

In our early studies we attempted to systematically develop trans-

formations from simple piecewise polynomial or rational functions. The

use of polynomials would result in a saving on the functional evaluations

required compared to using transcendental mapping functions (refs. 3,7).

Our experiences with implementing a variety of polynomial interpolatory

methods revealed that it was difficult to predict the parameters for a

particular computation. Moreover, with the various analytical conditions

to be satisfied (such as (4.14)) and the further desirability of having

specific points included in the mesh, the analytical approach becomes

overly burdened. For these, and other reasons stated below, we have

adopted the approach of defining mesh transformations by a user-given set

of discrete spatial points. The user must provide a set of points

{X} and/or { m = Ym * } and the code (see sections 12.5,

12.6) will assign the relationship

xn  f(X n), n 1 1,2...N; y = g(X ) m = 1,2...M.
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Clearly one must select the points to satisfy (4,13) and whatever

appropriate conditions such (4.14) may be required.

Note well, this implicit definition of the underlying transformation

functions will be assumed to be smooth. If the data chosen does not

arise from a context where smoothness is guaranteed, it is best to

modify the choice to enforce some degree of smoothness. Our strategy

has been to implement a "mesh pre-processor". All this entailed was a

simple smoothing of the data points using equation (4.10.1) with 0 = 2.

This is repeated several times until the resulting differences appear

smooth.

To approximate derivatives we use standard finite difference

approximations from the given (or smoothed) data. For our purposes

it is sufficient to approximate these derivatives to second order

accuracy. For interior points n = 2,--.,N-1, m = 2,-.-,M-1 we use

standard centered differences

f (X n+I ) - f (n I

(f X n 2AX

f(Xn+) - 2f(X n ) + f(X n_)

XX n AX2

with similar expressions for (gy)m and (gyy)m.

The only points requiring any explanation are the end points of the

intervals. By second order extrapolation

(fXX)n=l = 
2 (fXX)n=2 - (fXX)n=3 (4.15)

(fXX)n=N= 2 (fXX)n=N_ 1 - (fXX)n=N-2
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A second order approximation to (f X)iO can be derived by assuming that

(fxx) is essentially linear on the intervals (0, 2AX) and (1 - 2AX, 1) then

(fXn=l (f n=2- X  f)n + (Pxx)nO2) (4.16a)

and

(f =(X~nfN-l 2 ((MXXn=N + (fX)nNI (4.16b)

For g(Y) a similar treatment is employed, for the symmetric case.

Indeed at m - 1,M the approximations identical to (4.15) and (4.16) are

made to gyy and gy, respectively. In the symmetric case it is further

required to compute fringe planes Y = - AY and Y = 1 + AY. Again the

same approximations are used except now we assume gyy is linear in the

extended interval (-AY, 2AY) and (I-2AY, I+AY). In the non-symmetric

case, the data defining g(Y) is extended beyond 0 Y ! 1 using the perodicity

conditions. The first and second derivatives at Y = 0,1 are determined

in the same manner as at interior points.

Our experience has convinced us that the use of the above type of

discrete definition of mesh transformations in conjunction with a pre-

processor mesh smoother offers the widest flexibility for the user. One

can easily create a local refinement of the mesh without much analytical

care if one is prepared to allow a mesh smoother to alter your initial

mesh array. Our experience has shown that a reasonable eyeball choice

followed by several smoothings will only slightly alter the mesh and

will retain the concentrations in the regions where originally desired.
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5. FORCE AND MOMENT CALCI.ATIONS

The aerodynamic forces and moments acting on the vehicle are obtained

by numerically integrating the computed surface pressure distributions.

In the code, these calculations are performed in auxiliary subroutines so

that the user may conveniently substitute alternative definitions and/or

numerical integration procedures. In this section, the procedures and

definitions currently available in the code are described.

The sign conventions for the components of the aerodynamic force and

moment are illustrated in Fig. 7. The force and moment are computed assuming

that the base pressure is p. Both the force and moment have dimensions

of pressure. The center for the moments, C, is any point on

the z-axis where, say, z=z (see, Fig. 7). The derivative with respect toc

z of the force components are given by

Fa f2 T (-p)bbzd4 , (5.1)

3_n = f 2 Tr (p w-Pc) (b cost + b sin) d , (5.2)
3z 0

;F

--- Y = f27 (p -p )(b cos - b sin ) d4. (5.3)
;z o W

The derivatives with respect to z of the moment components taken about

C(z=z ) are given by
c

9Mca 2 (P w -. 4

.f27- (p )bb dt , (5.4)

9Mn F 21 p)bz 2
n (z c-Z) -Y- + f (pw- p b sint (5.5)
3z z o0
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IMC

Fig. 7. Definitions of aerodynamic force and moment components
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am (z-z )- +F n f T= -z---n + f2(p-p.)b b cos d (5.6)z c 3 0z

In (5.1) - (5.6), pw denotes the surface pressure. Note that for the

symmetric problem

3F aMc Dmc
y a n

az 3z az

The integrals appearing in the above are computed numerically at each

kcomputational step, z=Z , using Simpson's rule in the computational plane.

For the purpose of discussion, consider

T = 2T() de
0

which is, for a fixed value of z, the general form of all the above integrals.

For the symmetric problem, the non-zero integrals are written in the

computational plane as

= 2f I(/Y )dY = 2f11(Y)dY

This is numerically integrated on the uniform computational mesh using

Simpson's rule in the form

2AY -

T 3 1 + 412 + 2i 3 + 4 4 + 2 5+

*+2 M_2 + 4 M I + M] , if M is odd

and
=2AY- ~ ~

: T =! I-3[* + 4u2 + 2r3 + 4u4 + 2 5+'
3 1 + 3 4 5

**+2 M3 + + 2 (5M I + 31M)], if M is even

where $M = $(Y M) YM = 1. In the last expression, the trapezoidal rule is

used for the subinterval [YM-I' YM1 . In the nonsymmetric problem Y is

written as
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'I' = f.J..(ljJ/Y,~)dY = J1~(Y)dY 
0 't' 0 

In this case, the integrands are periodic functions of Y with period 1 
'\., '\., 

(i.e., ~CY 1 ) = ~(YM)) and Simpson's rule becomes 

~y '\., '\., '\., ~ 
~ = ~r2w1 + 4w 2 + 2w 3 + 4~4 +··· 

and 

, if M is even. 

k The code also computes, at each computational step, Z , the force and 

moment vectors acting on the body truncated at z = Zk. These quantities 

are defined, for example, by 

F (Zk) = fzk aFa dz 
a o az (5.7) 

with similar expressions for the other truncated force and moment 

components. The integrals of the type (5.7) are ~v3luated numerically 

using the trapezoidal rule; i.e., 

with similar expressions for the other force and moment coefficients. 

Note that this calculation requires the force and moment on the body 

truncated at the initial plane z = z • 
0 

These quantities must be given along 

with the initial flow field data. 

The final results are presented in coefficient form by dividing the 
P.., 'l 

force components and their derivatives by~2 ~A f and the moment components 
""re 

P.., 
and their derivatives by~2 2 (A f)(z f) where A f is a reference area 

oo re re re 
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(non-dimensionalized hy R2). The parameters z , z f' and A f can be o c re re 

selected by the user; however, if no selection is made, the code assumes 

that z = 0, z f" is the body length, and A f is the base area of the c re · re 

baseline body (see, Fig. 6). The code also computes two centers of 

pressure. The center of pressure in pitch defined by 

(Z ) [z + Mc/F ] 
c.p. c y n 

p 

(5.9) 

for F =I 0 and the 
n 

center of pressure in yaw defined by 

(Z ) [z - Mc/F ] 
c.p. c n y 

y 

(5 .10) 

for F =I o. 
y 
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APPENDIX A 

DIFFERENTIAL EQUATIONS FOR BOUNDARY POINTS ON THE 

BODY SURFACE AND THE BOW SHOCK WAVE 

In this :tppendix differential equations are derived which are used for 

the computation at points on the boundaries X K 0 and 1. These equations 

are obtained from certain characteristic compatability conditions evaluated 

on X • 0 and 1. Such equations have been used in various forms in many 

non-conservation codes (e.g., see refs. (6, 8, 9). The equations used 

in the present codP. differ from those previously used. The advantages 

of the present equations are discussed in Sees. 3.3 and 3.4. 

Since we are concerned with the boundary conditions on the planes X • 0 

and ~, it is sufficient to consider the system (3.3) in the form 

l!!_ + aF = _ .£.Q_ _ E ::: d{ . 
az ax aY (A-1) 

In this equation, the right hand side, IL , will be treated as an inhomo-

geneous term since the Y derivative, being interior to X = 0 and 1, depends 

only on quantities on the boundary planes. From this point of view (A-1) 

is treated as a hyperbolic system in one space dimension X with Z time-like. 

We have on the boundary plane, X = 0, the condition that u = bzw + (b~/b)v. 

On the boundary X a 1, the Rankine-Hugoniot conditions (2.7) are satisfied. 

To motivate our treatment of the boundary points, consider as a prototype 

problem the mixed initial-boundary value problem on the strip Z ~ 0, 

0 ~ X ~ 1 where initial data is given on Z • 0 and bolll).dary conditions are 

given on X= 0 and 1. It is known (see, for example, ref. 10, pp. 471-475) 

from the theory of hyperbolic systems in one space dimension that, for a 

well posed mixed initial-boundary value problem, of this form, certain 

information concerning the solution at boundary points, say, (O,Z*) and 

(l,Z*) can be determined from the char~cteristic cornpatability conditions 
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corresponding to the characteristics through (O,Z*) and (l,Z*) which enter 

the region {0 5 X 51, Z < Z*} (e.g., in Fig. A-1, the curves C and 
1 

C 3 through (0, Z*) and the curves t 2 and 
3 

through (r, Z*)). The remaining 

information required to completely determine all the unknowns at (O,Z*) 

and (l,Z*) must be provided by the boundary conditions specified on X • 0 

and X = 1. These boundary conditions are needed to replace the character-

!sties through (O,Z*) and (l,Z*) which do not enter the region {0 S X S 1, 

Z < Z*}, (e.g., t 
2 

through (O,Z*) and t:.
1 

through (l,Z*) in Figure A-1). 

These characteristics are inadmissible since there is no information 

available for X < 0 and X > 1. 

As we shall see in the following, at the boundaries X = 0 and 1 the 

system (A-1) has four independent characteristic compatability equations. 

At X = 0, there is one t 
1
-type characteristic, one C 

2 
-type characteristic, 

and two C
3
-type characteristics (see Fig. A-1). Consistent with the above 

remarks, we will find that the three compatability conditions corresponding 

to the C 
1 

and t 
3 

characteristics will provide differential equations for 

advancing three unknown quantities on X • 0. These quantities together 

with the boundary condition u = b w + (b /b)v determine all flow variables 
z <P 

on X = 0. 

On the boundary X = 1, there are three C 
1
-type characteristics and 

one C 
2
-type characteristic (tr.ere are no E 

3
-types). _We will find that the 

compatability condition corresponding to the t 2-type characteristic will 

provide a differential equation for determining the shock shape function 

c{¢,z). The shock geometry together ~ith the Rankine-Hugoniot relations (2.7) · 

determine all fJow quantities on X "" 1. 

In order to derive the necessary characteristic conditions, the system 

(A-1) is rewritten in an equivalent quasi-linear form. This can be done 

by changing the dependent variables in (A-1) from U to 
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·' 
/ 

/ 
/ 

/ 
r 

c ~. 
' 1 

.So luJiort 

/ 

/ 

/ 
_/ 

/ 

X= I 

Fig, A-1. Types of characteristic curves through boundary points on 
X • 0 and 1 
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We ilSSumc• here that p p(p,h) where his given by (2.2). Using the 

chain rule, we llave 

(A-2) 

and, from (3.3a), 

j)£ = (X 
0X z 

llX ax ax" 1 " 
+~u+---2:.'P+__:r_CJ __ x ~,.., 

ax ax -r ax 4 r ¢ ax ,(,J, 
(A-3) 

'"here [~~], [~~l, and [~g) are Jacobian matrices. 

These can be obtained by taking partial derivatives with respect to the 

components of Q of (2.la) and (2.lb) using (2.2); for example, 

whereJ< 1 = 

related to 

/( 
2

uw 

(~) and X'2 = 
p 

the sound speed 

-'/( wu 
1 

3 2pw-J(
1
w 

2 pu-~1w u 

are thermodynamic quantities which are 

(A-4) 

Substitution of (A-2) and (A-3) into (A-1) yields the desired quasi-linear 

system. This system is simplified by multiplying each term on the left 

by the non-singular matrix 

1 0 0 0 

-w 1 0 0 

-u 0 1 0 

-v 0 0 1 
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The resulting system of equations is

AZ +BX (A-5)

where

w -1w u  -AlWV P-w 2

1 0 0 Pw (A-5a)

0 pw 0 0

0 0 pw 0

1m

A2 A  XrP-uAlA rX p-vkIA Xzp-wiA

= z 
(A-5b)

X pA 0 0r

-x o pA 0

and

(V' -y _ + - OU + (@Y + 1 ) (A-5c)

The system (A-5) can be reduced to characteristic form by standard

methods (see, e.g., ref. 10 , pp. 424-427) although the required computa-

tions are lengthy. We summarize the procedure here. Since the matrix

is non-singular for w>a, we can consider the characteristic matrix A*

associated with (A-5) in the formA* XA+E where X is a scalar. For

every real value of A which is a root of
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det(A*) (X + A)2 f(X +A)2/2 _1 + x ) 2 + x 2 +1 2 1 0 (A-6)
& (~w a [P'r

there corresponds a real left null vector, kV,~ of A* (i.e., Z. A 0).

Hence, kxB--x 
A7

Multiplying (A-5) on the left by R9. and using (A-7), we obtain the scalar

equation

i 1A( -2* - Z. . (A-B)

'-az ax,

This equation is referred to as the characteristic compatability condition

along the characteristic curve defined by =- - - since the quantity
dZ

3- X2Qis the directional derivative tangent to this curve. The roots3Z 9x
of (A-6) are

X 0 ANw (multiplicity 2)

and

2 2 (W2_a2)X2 +-L_ X 2)+(A-X w)2
-wA +a X a 1r

X 2 2 8,2 (A-9a)
w -a2a

Two independent null vectors correspond to the multiple root X~ 0 viz.,

k () = (0,0o1x, - k) (2) = (0,wquMv (A-gb)
x0 rr x0

A left null vector corresponding to X+is

Z x 0 +w + A) (2 o - AZ1 V2 ) - X+ + X z) + kW(X + w + A),
(A-90)

-PXr + ) lu(X w +A), - + l1 v(X+ w +- A)).
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The standard form for the compatability equations (A-8) is to introduce

the associated directional derivatives. Used in this form the boundary

point computations would be essentially as in a reference plane method of

characteristics. Such a procedure is complicated since it requires a

considerable amount of interpolation. The method used herein eliminates

this difficulty by considering the partial differential equations (A-8)

directly. These equations are rewritten on the surfaces X = 0 and 1 using

the boundary conditions.* The resulting equations, valid only on X - 0

and 1, are solved numerically using predictor-corrector methods similar to

those used for interior points.

Wall Boundary Points (X 0)

On the boundary X = 0, u - bzw + (b /b)v which implies that A = 0 on

X = 0 (c.f., eqs. (3.3d) and (3.3g)). Thus on X = 0, 81 > IxzI (since. w > a)

which implies that X+ > 0 and X_ < 0. Also on X = 0, X0 = 0. Note that on

X - 0, A corresponds to a streamline since X = 0 is a stream surface.0

Referring to Fig. (A-l), A+ corresponds to the characteristic curve 1i,

A_ corresponds to t 2' and Xo corresponds to t V According to our earlier

remarks, we exclude from further consideration the root X_.
We consider first the compatability condition (A-8) with kX = z2X

The left-hand side of (A-8) is, using (A-5a) and (A-9),
an aaw 3u --- av aw au~~laZ A~-pw X~+X+-X -) + PWA (X-+ X2-

rPa z3X rK+X - +X
+ Ix av) aw awf) +0AC~- A+¥f)}.

Note that at the boundary X = 0, we have using the boundary condition and

(3.3g) that
aw u bavab ab/bX w + x l -+ I x -2 -- X r(-bz 9 + ;- - - ) X (w z + v -- )

zZ r3Z r 1,z r +za Z - b 5T r 3z azzZ t rr~

where 3bz and b depend only on the given body geometry. Using the above,
az az

we can write the compatability condition corresponding to X+ at the

*This approach was originally suggested by Kentzer (ref. 11).
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- X+ A ) + PWX pA ( 3b @b /b
81( Z -, )  = w (w -- K+ v -- --)Xr

I13Z + 3X + 3 Z r

x x 3(X /r) 1
+wA [w u )- ] + i z k (A-10)

+ ' 3 -X P R. AA-+

The completely expanded form of (A-10) given by (3.16) is used to advance

the pressure on the wall.

The left-hand side of (A-8) corresponding to P, k (i) is given by
0

1 au av 1 _uQw {( xr x --) - Ao (rX Lx X )}
rw(- y ( 1: r A ax r X

On X=o, A =0 and -X - X (b A). Hence, the compatibility condition
r r 4

corresponding to Z, =(i) at the wall can be written as

(3v2  3(b /b)\ () A-l
where - u 3z zX 0

V2 = v + (b /b)u (A-Ila)

The completely expanded form of this equation is given in (3.18).

Equation (A-l1) is used to advance the quantity V on the wall. Note
2

that V2 is, except for a factor involving only body geometry, a component

of velocity tangent to the wall.

The compatability equation corresponding to k, = k(o0 can be written,

by direct expansion of (A-8), as

P V2 V2 P V2
w (- +  +-) +A (-Lo +  B (1 +y + - )

aZ 23Z D3X Z aY 2 aY

where V = w + u2 + . The above equation involves only derivatives of

thermodynamic quantities. Indeed, using (2.2) and (A-4), we have

(since p =(p,h))
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dp+ dV 2 = dp - pdh (-I-- dp - do) (A-12)
2 Ia2

Introducing the entropy, s, we have

(1) ds dp - do
Ds p 2

a

which with (A-12) implies that the compatability equation can be written as

w-+ A =- B -

This equation expresses, in the computational space, that the rate of

change of entropy on a streamline is zero. On the boundary X=O, we

have (since A=O)

s - B (A-13)

Note that eqs. (A-10), (A-11) and (A-13) can be used to advance

p, V2, and s at the wall points. From the values of p and s, the quantities

p and h can be determined. The magnitude of the velocity vector can then

be determined using (2.2). The quantity V2 and the boundary condition

then give the velocity components. This procedure is described in detail

in section 3.4.

Shock Boundary Points (X = 1)

On the boundary X 1,

A -(-c w + u -cv/c)X =- V X

(c.f., (3.3d), (3.3g)). Since Vn > 0, it follows from (4.9a) that

. ° > 0. On X - 1, the roots X+ of (A-6) are (see (A-9a))

2 _ 2

(wV v - a c )Xr + a

w 2 2w -a
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where

X
2

2 r 2 2 2 2 2 2 2
PI = - [(WVnV - a cz ) +v (w -a)(a -V ).

4 ns z s na

Since w > a and shock theory gives V a, it follows that
n

2 2
a Xr (wV v - a c ) > 0. Hence A+ > 0 and A :50 (equality when1 r ns z+-

V = a which corresponds to zero shock strength). Referring to Fig. (A-1),
n

X and X correspond to characteristic curves of the type ', and thus,

by our earlier remarks, we exclude these roots from further consideration.

The compatability condition (A-8) with Z, = 9. can be written using

(A-5a), (A-7) and (A-9b) as

8 I  + 0 r (w 2L- u -I) + - X (w 2 - v
B Z+ [Xr Z 3- r 3 wP

(A-14)

P A-

Note that (A-3), (A-5a), and (3.3c) imply that

3F 3G-(T =-(+ -Y+ E) .

Consider now the left hand side of (A-14) evaluated on the surface X =.

Since the Rankine-Hugoniot conditions are satisfied identically on X - 1,

these relations can be differentiated with respect to Z in order to obtain

expressions for 2R .3u,-vZ and Ton X = 1. Substitution of these

expressions into (A-14) yields a partial differential equation for the

shock slopes cz and c 0. We summarize the development of this equation

here. From the shock relations (3.9), we have on X = 1 that

w = W - (Vn, - Vn) el , u n U + (Vn V n)e2 , and v - v., -(V n Vn)e3

where eI = Cz/v s , e2 = I/v , and e = c /(cv s). Differentiating these

with respect to Z, we obtain that on X = 1
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n av )ew (--: - --a) e - (V3-- 3z z 1 n. n V)

au aum 3. n 3V co e2
- + (-- ) e 2 

+ (V Vn) 2 (A-i5a)

~00 a0n
av 3V O n V

3" Z e 3 -(V -V) e 3

Note that in the above

au av
v - and - u 2-  (A-15b)oo o€o3z 3Z 3Z 00 3Z"

Since V ni w, eI - u e2 + v. e3, we have that

_ V_ n ., e l e 2 e 3  ( e (A -1 5 c )

-- ZO = w- 3Z U + v V - (v e2 +ue 3 ) .

From the shock relations (2.7), we have that p = p. + V .0P(V - V )

which implies that on X = I

3V 3V av

Z . [(V - ) - - )] (A-16)z~ ~ n zz =
avn

In order to obtain an expression for a-n, we differentiate the equation

of state p = p(h,p) to obtain

.p. h + (A-17)Z 1 a --2 aZ

Differentiating the first and last equations in (2.7), we obtain for

points on X 1 that

vv
P.9Z%3 n

(VV/

9h n 3Vn
9h = 00-V n-
aZ n 3Z n aZ
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Substituting these and (A-16) into (A-17) and using (A-4), we obtain

n - LVn n (V n V a 1 . 8z =  I v2 z(A-18)
az 3Z Va

Finally, we have that

_el r( 2 (c Ic)1

1 = [ e 2z ee 3  e 2  (A-19a)

[e2 ac 3(c /c) 2

Z = - + e3 Z e2  ( 9b)

el (c Ic) 1
=z e I ei -' e 3) 3 e2  (A-19c)

Substituting (A-15a) and (A-16) into (A-14) and using (A-15c), (A-18)
;V_ Vn ae

and (A-19) to eliminate the terms n I a , a (i=1,2,3), we obtain from

the compatability condition (A-14) a partial differential equation of the

form
z (c Ic)

C ac C / (A-20)
1 Z 2 aZ

The quantities C1, C2 , and R appearing in (A-20) are given in

section 3.3.

In addition to (A-20), we also have

ac = + c (A-21)

z

and
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The first equation (A-21) is the chain rule for the Z derivative of the

shock shape function c(4,z). The second equation (A-22) expresses through
3
2c 2c

the chain rule that a c.;c When C is nonzero the equations

(A-20) - (A-22) are formally a hyperbolic system with Z the time-like

direction and, therefore, can be numerically solved using a predictor-

corrector method to determine c, cz, and c4 . With the shock geometry

determined, the Rankine-Hugoniot conditions determine all the flow

variables on X = 1. The procedure is described in detail in section 3.3.

The above procedure requires that the coefficient C1 does not change

sign in the calculation. We now show that for a perfect gas C1 > 0 when

w _ a.t The proof uses the definitions following (3.9c) (see sec. 3.3)

and the shock relations (2.7). Consider first the case of a finite

strength shock; i.e., Vn > V n, a > V , p > p_, p 
> 

p-. Substituting

(2.7) and pl = - 0/h into the definition of A0 , we obtain
(p- p )(Vn Vn + a2 /p)

A0 = 2 (a2 V [perf] (A-23)

This implies that A0 > 0 and it follows from the definition of A1 that

A1 > p(v w- - cz V )A0 . (A-24)

From the shock relations and w Z a, we have that

V w - c V =v w - c Vn a -c V > 0. (A-25)s zn zn 5 z n

"sing (A-24) and (A-25) in the definition of C we obtain

I (sw -c V )2 A0 (p - P.)2 _ c 2 (A-26)

rhit the significance of CI > 0 for the real gas case is the

r " ferfect gas but this fact has not been established at this
.. 1i ralculations, the value of C1 is monitored at all points

v. Tf a change of sign is detected the calculation is
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Note that since u -c v/c c W w V nv s

0 s z n s n

which implies that

(vw cv )2 (vw cv)2>( 2 _c2 )a2 v2 (-7
s z n_ S z nl S Z n

Using (A-27), (A-23), (A-26), and p. V n-/Vn we obtain

(v 2 c2 ( P-

C1 > 2 r + a 2p _v v}> 0
1 v P V V Inn .

s n. n

which is the desired result. Consider now the case of a weak shock; i.e.,

V n= V n_ a =a.,p =p.,p= p_. The quantity A0 can be rewritten

using (A-23) and the first two equations in (3.12) (with y =r = r_,) as

2(V 2 +

A0 2- [perfj
(-Y+l) Vn

which implies that A0  4/y+l for V n= a_,. Since A 0 > 0 and

(v sW. - c zV n > 0, it follows directly fron the definitions that

A 1> 0 and hence C 1> 0.
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APPENDIX B

SYMMETRY CONDITIONS

In this appendix, the symmetry conditions (3.21) and (3.22) used in

the symmetric problem are derived. Recall that in this problem all flow

variables are even functions of 4 about 4 = 0 and i in the physical space

except v which is an odd function of 4 about = ) and it. Also, the body

geometry and shock geometry functions are even functions of 4 about 0 and

7t. In this appendix, 4, will denote either 0 or i. To avoid any confusion

we specify that: a function u(r,,z) is even about 4 if and only if

u(r, +T,z) = u(r, -T,z) for all T such that 4 + T is in the domain of

definition of u; a function u(r,4,z) is odd about 4 if and only if

u(r,* +T,z) = - u(r, *-T,z).

Consider first the effect of the mapping (3.1) on a quantity u which

in the physical plane is given by an even (or odd) function of 4 about

4, = 4 . Let u be given by u(r,4,z) in the physical space and u(x,y,z) in

the (xy,z) space; further, let y = 4 (i.e., y= 0 or 1). Note

that from (3.1), x is an even function of 4 about 4 = 4 for fixed r and z.

Also, inverting (3.1), we have

r(x,y,z) = x[c(z, o y) - b(z,4oy)] + b(z,4oy)

which is an even function of y about y for fixed x,y. It therefore

' . follows from

u(r,,z) = u(x(rq,z) ,4/,z)

and

u(x,y,z) = u(r(x,y,z),y,Z)

that u(r,4,z) is an even (odd) function of 4 about 4 = 4 for fixed r,z

if and only if u(x,yz) is an even (odd) function of y about y for fixed x,z.
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Consider now the quantity u given in the computational space (X,Y,Z) 

by the function U(X,Y,Z). Note that U(X,Y,Z) • u(f(X,Y,Z), g(Y,Z),Z). 

* ~ * For any fixed Z, let Y denote the value of Y such that y • g(Y ,Z) 

* * (i.e., Y is 0 or 1). The Taylor development of U(X,Y,Z) about (X,Y ,Z) 

where X and Z are fixed gives 

* * * U(X,Y ±6Y,Z) • U(X,Y ,Z) ± 6Y Uy(X,Y ,Z) 

(6Y) 2 * (6Y) 3 * 4 + ---2--- Uyy(X,Y ,Z) ± J! Uyyy(X,Y ,Z) + 0(6Y) • 

Adding and subtracting the above expressions, we obtain 

* * * 3 U(X,Y ±llY,Z) - U(X,Y +llY,Z) = ±2 6Y Uy(X,Y ,Z) + 0(6Y) (B.l) 

and 

* * * * U(X,Y ±llY,Z) + U(X,Y~llY,Z) ::.2 U(X,Y ,Z) + 6Y2Uyy(X,Y ,Z) 

(B.2) 

For use in the above we have, by the chain rule, that 

(B.3) 

and 

+ llxfyy + lly&yy (B. 4) 

* Suppose that u(r,~,z) is an even function of ~ about ~ . By our 

previous remarks, it follows that ~(;,y,~) is an even function of y 

-* - -* about y . Since u is even about y , we have 

* if we assume that fy(X,Y ,Z) = 0, it follows 

This implies, using (B.l), that 

- --*-that U-(x,y ,z) = 0. 
y 

from (B.3) that 

* * U(X,Y ±llY,Z) = U(X,Y ~llY,Z) + O(AY)3 

which is the same as (3.21). 
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Suppose now that u(r, ,z) is an odd function of * about . By

our previous remarks, u(x,y,z) is an odd function of y about y . Hence,

it follows that
- -_',-

u(x,y Z) = u- -(x,y ,z) = 0.
yy

Since the above holds for all x, we also have that U-(X,y ,z) = u- -(x,y ,z) = 0.

If fy (X,Y*,Z) = 0, it follows from (B.4) that

Uyy(X,Y ,Z) = u__(x~ y ,Z)gyy(Y*,Z)

and from (B.3) that

u-(xy ,z) = uy(x,Y*,Z)/gy(y *,Z)

since U(X,Y ,Z) = 0, it follows using (B.2) that

U(X,Y +AY,Z) + U(X,Y;AY,Z) =

Ay2 Uy (X,Y*,Z)gyy(Y*,Z)/gy(Y*,Z) + O(AY) 4

Using (B.1) to evaluate U y in the above, we obtain

IJ(X,Y ±AY,Z)[2ZAYgyy(Y Z)/gy(Y*,Z)] =

-U(X,Y ±AY,Z)[2±AYgyy(Y ,Z)/gy(Y*,Z)] + 0(AY)4

which is the same as (3.22).
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APPENDIX C 

CFL CONDITIONS 

In this appendix, we derive a necessary stability condition used 

for determining the step size ~Z associated with a given computational 

mesh ~X,6Y. The derivation is in the geometric spirit of CFL and 

consists of comparing the domain Qf dependence* of the difference equations, 

~d.e., to the domain Qf dependence of the partial differential equations, 

aG • Following CFL, it is necessary to restrict the largest value p.d.e. 

of 6Z so that 

(C.l) 

for all computational points. ---For the quasi-linear system of hyperbolic 

equations considered here this condition is generally regarded as a 

necessary (but not always sufficient) condition for numerical stability. 

Indeed, it has been observed that the MacCormack scheme exhibits numerical 

instability for particular first order systems even when a geometric 

CFL stability condition is obeyed (ref. 12). For our system no such 

instabilities have ever been demonstrated nor observed in calculations. 

*In this appendix, the domain of dependence of a point, 0, with Z 
coordinate Z + 6Z, is understood to be the smallest closed region of 
the plane Z £ Z ,J1, such that the initial data outside of ~ do not 

0 influence the solution at 0, 
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Consider an arbitrary interior computational point, 0, with

coordinates (Z° + AZ, X0 , Y ). The domain of dependence of 0 for the

finite difference schemes given by (3.6a) and (3.6b) depends on the

parameter J(- 0 or 1). These are depicted in Fig. C-i. The dots in the

figures represent the only computational points which can influence the

numerical solution at 0 for one complete (predictor and corrector)

step. In stability considerations, it is necessary to consider the

limit for successive mesh requirements with AX/AZ and AY/AZ held fixed.

In this limit, the points in and on the boundary of the shaded regions

are the only ones that can influence the numerical solution at 0.

Consider now the domain of dependence of 0 for the system of partial

differential equations in the computational space, see (3.3). For the

purposes of stability analysis it is sufficient to consider a quasi-linear

system equivalent to (3.3) given by

A 3Q 5 1 + C(C.2)

where

In the above,

AB {x¥ , [2u1 + xr [ 2-f + x¢ [Lu-1,
3Qz a r 3Q + 3Q

C" O y [2u] + y Q

86

. .. .. . ....a." '% m m n a p .. . ....



NSWC/WOL/TR 77-28

XX

- ---------- Y-------

X. Y

[ Fig. C-1. Domain of dependence for the interior finite difference
equations

0. 
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where d, [- A are Jacobian matrices and ( is the

non-singular matrix given in Appendix A. The matrices A and 8 are

given by (A-5a) and (A-5b) respectively; the matrix C is given by

B - R\uB Y vB Y P - k

Y 0 0 pB

0 PB 0 0

rY 0 pB 0

The inhomogeneous term d is not material to the present analysis and

will not be given. The domain of dependence of the system (3.3) is the

same as that of (C.2). The domain of dependence of 0 for the system

(C.2) is contained in the closed region formed by the intersection of

the characteristic conoid with vertex at 0 and the plane Z = Z
0

(c.f.; ref. 10, pp. 649-652).

The pertinent facts concerning the geometry of characteristic

conoids associated with systems of the type (C.2) will be briefly

reviewed here; for a more detailed explanation see ref. 10 pp. 577-599.

The characteristic conoid with vertex 0 is the envelope of all

characteristic surfaces through 0. A surface *(Z,X,Y) = 0 is

characteristic at a point if its normal at the point satisfies the

characteristic condition

( 2,X3 Q; X,Y,Z) E det( +1  + + 3 ) = 0 (C.3)
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1 h e2 = 2±. The surface of the characteristic

conoid is generated by curves, called rays or bicharacteristics which

are the lines of contact between the characteristic surfaces and the

conoid they envelope. These curves, or rays, are given by the ordinary

differential equations

d Z =: = 3dxd Y = 3 'dY (C .4 )
ds Al ' ds ;X ds BA3

where s is a parameter. Each ray through 0 is determined by selecting

real values for A2 and X3 and determining X1 by satisfying the character-

istic condition (C.3) at 0. In general, when , , and C are not

constant, X2, A3, and AI vary along the ray. When (C.2) is a quasi-linear

system like (C.2) the rays, conoids, and domains of dependence will

depend on the solution vector Q. In the case when the coefficient

matrices 1A , , and C are constant Ai A29 and A3 satisfying (C.3) are

constant along each ray. The rays generating the conoid are straight

lines since the right hand sides of (C.4) are constant. The characteristic

surfaces in this case are hyperplanes and cones formed by their envelopes.

In the present analysis AZ,AX,AY are assumed to be small, thus the

domain of dependence of 0 = (Z + AZ,Xo,Y ) can be approximated by
0 0 0

considering the matrices , , and C as constants with elements

evaluated at the point (Zo,Xo,Yo). For the remainder of this appendix,

it will be understood without changing notation that all quantities

appearing in these matrices are held fixed at their values at (Zo,Xo,Y ).
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Making the substitutions indicated above, the characteristic condition

(C.3) for the system of equations (C.2) is

-H=- = l i(Xi,2tx 3)P{2(XIX2,=3) 0

where

C.5)

(i 3 x = A1w + BA + X3 B

1 2' 3 1 2 3
2 2 2 + 23Y2) 2 l a2

+ x~ X -- Y) + 2' X Y -]
12(XVXVY13 1 I-[(1 2 2z 3 13z2 + 2 r (2X 3 r

The ray cone therefore has two sheets, one corresponding to I = 0 and

one corresponding to P2 = 0. The rays generating the sheet corresponding

to 'l - 0 are given, using (C.4), by

dZ dX dYds = w, d- = A, ds= B.

Hence the sheet corresponding to i 0 is a degenerate cone consisting

of a single ray through 0. The domain of dependence for this sheet is a

point in the plane Z = Z with coordinates X = X - (A/W)AZ and0 0

Y = Y - (B/W)AZ. This ray corresponds in the physical space (z,4,r)0

to a streamline. The sheet corresponding to N2 = 0 is a true cone

which corresponds in physical space to the Mach cone.** In physical

**A characteristic surface IP(Z,X,Y) = 0 can be represented by O(z,r,O) - 0
in physical space. By the chain rule

1 +2 Xz + 3 Yz' r = Y2 X, and = 2 X4 + x3 Y
rZ 2 3

since X, = tj, x2 = $X and X3 = Y" It follows that

/'2(X1,V2,Y ) = (V$. ) 2 - ! Ia 2 = 0

where j is the velocity vector. This equation indicates that in (z,r,)
space the cosint of the angle between the streamline and the normals to
the characteristic surfaces enveloping the cone associated with

9! 2 = 0 is + a/Wd = ± M- 1 .
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space the streamline through the Mach cone vertex is interior to the

cone. Since a continuous transformation cannot change this situation,

it follows that in the computational space the cone corresponding to

H2 = 0 contains the ray corresponding to = 0. Therefore the domain

of dependence of (C.2) is determined entirely by the sheet N2 = 0.

The CFL stability condition for each of the MacCormack schemes is

illustrated in Fig. C-2. The shaded area is the region formed by the

intersection on the plane Z Z of the cone with vertex at 0 corresponding0

to = 0. Condition (C.1) for j - 0 or I is satisfied if and only if
2

max (ki) AX, max (k) AY, and max (zi) _ AXAY/ 1I 2 Zy 2  (C.6)

i=l,2 i=3,4 i=5,6

In the above, Zi (i=l,.-.,6) are projections of the base of the cone in

various directions as indicated in Fig. C-2. These distances depend on

the value of AZ (recall that AX and AY are assumed fixed in the present

analysis).

Consider now the determination of the projection of the cone's base

on any directed line in the Z = Z plane with, say, X and Y direction
0

numbers a x and a y, respectively. Since any characteristic plane

4(Z,X,Y) = 0 through 0 ±s tangent to the cone, the particular ones which

have normals with X = X2 = ax and iy = a y intersect the plane

Z - Z on lines which are both tangent to the cone's base and normal to the
0

direction (axa y). The situation is shown in Fig. C-3. The point of

tangency, Q, is the intersection on the Z = Z plane of the bicharacteristic
0

ray with X 2 a= X 3 a , and X a where a is the solution of
2 x' 3 y d1 z z
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NN

Fig. C-3.

93



NSWC/WOL/TR 77-28

(2z, x,2y) = 0. For w > a, there are precisely two distinct solutions

of this equation. The two values of a determine two rays and, hence, two
z

points of tangency for each direction (oxay). The X,Y coordinates of Q

for each value of C are determined by integrating (C-4) from Z = Z + AZ
Z O

to Z = Z; i.e.,

P~2  442 Az, Y -Y 2 /5F' 2)X Xo -t--/ ,, Y o -0 AZ ax 13

where 3- (1-1,2,3) are evaluated at X = az' x = axt x3 = ay. The
ax11 2 3 y*

projected distance k in Fig. (C.3), is given by

-- x (x - xo) + ay (Y xY)/ + .

Since P 2 (Xl, 2,X3 ) is homogeneous in XXx 3 it follows that
3N2 ' 2 a N2 _, -'x

"l ax1 2 I X 2 1' 29w3h x 0. It therefore

follows that

JZ/ ax 2 y  (C.7)

The distances k1 and Z2 are projections on the direction

Sx = 1, dy 0 (c.f., Fig. C-2). Solving R2(az,l,0) = 0, we obtain

using (C-7) that

Ixa - PM + -yA -W X + 2w x2 2 1 AZ
AW2 a (AW- 2 + (W 2 a )(X + .X2) 1

r (w- a)

Substituting the above into the first inequality in (C.6, , we obtain

AZ_ (w AX (C.8)
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where uIl is given in section 3.6. The dsacsR3and t 2 repoecin

on the direction a x 0, a = 1. Hence t 3 and t24 are given by (C-7) with

a a solution of R2(TD,,) 0; i.e.,
z

z3 1Y a2 -_ wB ± a/(Y 2/r2) (w 2+ v 2 - a 2) AZ2
3,4 zC/ w -a)2

Substituting this into the second inequality in (C.6), we obtain

(2 a2)
(w! -a)AX (C.9)

where v1 is given in section 3.6. The distances 5 6 ndk are projections

on the direction a = AY, ay - i)J AX. Hence d. and d. are given by
x 5

(C-7) with a za solution of Ai'2caz' AY' - J) AX) = 0; i.e.,

=AYAZ 2 6(WB - a 2 ) NA X a 2

5,6 M / 2 Tj7  ) (W2 _ a) z (w X

±V a(w2 _ a 2 )[X 2 + 1- (X# - 6Y) 2 1 + (wXz - A + '5VY /r) 23
r r 2 4

where

8 (-l)J (AX/AY)

Substituting this into the last inequality in (C.6), we obtain

2 a2
AZ w -a AX (C.10)

f 113

where vis given in section 3.6.
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For any interior computational point (Z + Az, X0, Y ), the

largest value of AZ for which the CFL condition (C.I) is satisfied is

AZ = {(w2 - a2)/m( l ,  
1 3 )JAX (C.11)

where the terms in the bracket are evaluated at (Zo , X0, Y ). It remains

now to consider the points on the boundary of the computational domain.

The computational scheme for points on the boundaries Y - 0 and Y = I

which are not on X = 0 or X - 1 is essentially the same as the interior

point scheme (c.f., section 3.5); hence, the CFL condition for such points

is the same as for interior points. The domain of dependence of the

partial differential equations for pointson the boundaries X = 0 and

X - 1 is essentially as described above for interior points except that

only the portion of the characteristic cone's base lying in 0 E X < 1 is

considered. The domain of dependence of the difference schemes used on

the boundaries X - 0 and X = 1 are illustrated in Fig. C-4 and C-5. Note

that at the boundary X - 0 the domain of dependence of the scheme when

J = 0 is used for interior points depends on whether the second order

option (c.f., eq. (3.19)) is used. Comparing Figs. C-4 and C-5 with C-2,

we see that the CFL condition (C.1) for the points on the boundaries X - 0 or 1

is satisfied if AZ is chosen as if these points were interior points

(i.e., using (C.11)). Therefore in order to insure that (C.1) is satisfied

for all the computational points, we take the smallest AZ obtained from

(C.11).
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(Z0, Y.) .'0Y)

0 o)St order 2 OhJ1. o rde v-

2 , o re)er

Fig. C-4. Domains of dependence of numerical scheme for wall
points (X 0)

-Z-Y

Fig. C-5. Domain of dependence of numerical scheme for bow shock
points (X -1)
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PART II: PROGRAMMING
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7. GENERAL REMARKS

This part of the report contains a description of a FORTRAN program

based on the numerical methods discussed in Part I.

The program consists of a main or executive routine, referred to

as MAIN*, and several subroutines. MAIN contains the complete program

structure and controls all aspects of the calculation. Most of the

actual operations, however, are carried out in the subroutines many of

which are called directly from MAIN. For the purpose of discussion,

the subroutines are grouped into three functional types; subroutines used

in the flow field calculation (see Sec. 10), auxiliary subroutines (see

Sec. 11), and input-output subroutines (see Sec. 12). As a general rule,

the transfer of arguments between the various subroutines and MAIN is

via a COMMON block of variables. A table (see Sec. 8) is included which

gives for each variable in COMMON, its description in terms of Part I

notation (where possible), the primary routine in which it is defined,

and the name of its COMMON block. The two COMMON blocks CSERCH and SAVRG,

being used only in the real gas subroutines RGAS, HRGAS, and SERCH, are

not included in this table. MAIN and all subroutines are described in

Sections 9-12 which follow. These descriptions are intended to serve as

a guide to the use of the FORTRAN listings which can be found in

Appendix D.

In the following sections, we will occasionally refer to the second

volume of this work.** This will be referred to herein as the "User's

Manual".

*To distinguish between subroutine names and FORTRAN arrays or variable

names, subroutine names are capitalized and underlined.

**Solomon, J. M., Ciment, M., Ferguson, R. E., Bell, J. B., and Wardlaw, A. B.,

A Program for Computing Steady Inviscid Three-Dimensional Supersonic Flow
on Reentry Vehicles; Vol. II: User's Manual, NSWC/WOL/TR 77-32
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8. COMMON

Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

ACH M INPUT COUT

ALNS a = ACONE(l), see fig. 8 of BODYR CBENTn

User's Manual

ASQ(N,M) a2 (X ,Ym) DECODE BLANK

ATTA a INPUT COUT

AUQN parameter used for bent cone BODY CBENT
calcs. BODYR

AX a, sound speed RGAS RGASS

A2(J) 1 + b 2 + (b /b)2 - vw (i) BODYP BLK03tt-
z 4

A3(J) [b 0/b- (b /b)2]Y (1) BODYP BLK03

A4(J) b z/b - (Y /Y )[(b /b) - (b /b) ] BODYP BLK03

- (b /b)(b /b), (1)

A5(J) bz /Y , (1) BODYP BLK03

A7(J) [b - b (Y z/Y , )], (I) BODYP BLK03

B(M) b(Y ) BODY CBODY

BETA parameter used for bent cone BODY CBENT
calcs.

BJ - MAIN CEVAL

BPHI(M) b (Y M) BODY CBODY

BPHIO(M) b (Ym ) at previous step MAIN CBODYP

BPHIT(J) temporary storage for b , , (1) BODYP CBODYP

BPHPHI b 0 BODY CBODY

BPHPHO(M) b (Y m ) at previous step MAIN CBODYP

tNumbers in parenthesis refer to the remarks appearing at the end on this

list.
t+The symbol 0 here is used to denote zero.
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Principal
FORTRAN Defining Common

Symbol Description (in Part I notation) Routine Block

BPHPHT(J) temporary storage for b€€, (1) MAIN CBODYP

BSN sin (ALNS) BODYR CBENT

BZ(M) b z (M) BODY CBODY

BZO(M) b (M) at previous step MAIN CBODYP

BZPHI b BODY CBODY

BZPHIO(M) b z(Y m ) at previous step MAIN CBODYP

BZPHIT(J) temporary storage for bzo, (I) BODYP CBODYP

BZT(J) temporary storage for bz , (1) BODYP CBODYP

BZZ b BODY CBODY
zz

BZZO(M) b zz(Y m) at previous step MAIN CBODYP

BZZT(J) temporary storage for b ZZ, (1) BODYP CBODYP

C(M) c(Ym) MAIN BLANK

CE(I,N,L) E, (2) and (3) EVAL BLK01

CENUF parameter used for bent cone calcs. INPUT CBENT

CF(I,N,L) F, (2) and (3) EVAL BLK01

CFL stability factor; i.e., EVAL CEVAL

max {fi/(w
2 - a2

CG(I,N,J) G, (1) and (2) EVAL, BLK01
EVALSY

COSBN COS(THETABN) BODYR CBENT

COSPHI(M) cos ((Ym)) MAIN C bDY_

CPHI(M) c (Ym) or 2 (Y MAIN BtANK
)m ay Morag

CPHIY(J) temporary storage for c,, (1) EVAL, BLK01
EVALSY,
EVALPR
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Principal

FORTRAN Defining Coimmon
Symbol Description (in Part I notation) Routine Block

CU(I,N,M); U(x n9Y M), (2) MAIN BLANK
N019NCnm

CU(I'lM) P at wall (T - 1); s at wall MAIN BLANK
(I1= 2); V 2 at wall (I1=3)

CU(I,NC,M) c (I=1), c z(1-'2), c~ (1-~3) MAIN BLANK

CUP(I,N,M); U*(X ,tY M), (2) and (4) MAIN BLANK
N01,NC ni

CUP(I'lM) P at wall (I = 1); s at wall MAIN BLANK
(I1= 2); V* at wall (I = 3), (4)

*2

CUP(I,NC,M) c (I-1), c* (I=2), c*(1-3), (4) MAIN BLANK
z

CZ(M) c~ Z(m DECODE BLANK

CZY(J temporary storage for cz (1) EVAL, BLK01
EVALSY,
EVALPR

D(N,M) p(Xn,Y) EVAL BLANK

DCP9 .Z acSHOCK C SHOCK

DCZZ Z SHOCK CSHOCK

DDX l/L\x MAIN BLK04

DDY h/AY MAIN BLK04

DELII parameter used for bent cone INPUT CBENT

calcs.

DELTA parameter used for bent cone BODY CBENT

caics.

DELZ intercept value of cone BODY, CBODY

BODYR.

DINF P. INPUT BLANK

DINF2 2 MAIN CDECODEP.,
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Principal

FORTRAN Defining Common

Symbol Description (in Part I notation) Routine Block

DINX Vw cosa Cosa p MAIN CSHOCK

DST parameter used for bent cone calcs. BODYR CBENT

DY AY MAIN BLK02

DYD3 AY/3 MAIN CINTEG

DZ AZ MAIN CBODYP

DIINF V cosa sina IV MAIN CSHOCK

D21NF V sin6 8 MAIN CSHOCK

ELIM error limit for real gas iterative INPUT BLK04

procedures

EPSQ parameter used for bent cone calcs. BODY CBENT

FA F INTEG CINTEG
a

F

FAZa INTEG CINTEG

FN F INTEG CINTEG
n

3F

FNZ n INTEG CINTEG

FY F INTEG CINTEG
y

aF

FYZ a INTEG CINTEG

GAMMA r, (5) INPUT, BLK04

DECODE

GA2 2r /(r - 1), (5) MAIN, BLK04

JUMP

GB 1/Cr - 1) MAIN BLK04

GC(N,M) parameter used in real gas iterative DECODE CDECODE

procedures
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Principal
FORTRAN Defining Common

Symbol Description (in Part I notation) Routine Block

GD (r - 1)/2, (5) MAIN, BLK04
DECODE

GE (r + 1)/2, (5) MAIN, BLK04
DECODE

GFF P + 1, (5) MAIN, CDECODE
DECODE

GG P - 1, (5) MAIN, CDECODE
DECODE

GM(N,M) r MAIN, BLK04
DECODE

GIMI i-r MAIN CDECODE

GX P or y RGAS RGASS

GY(M) Tg 4 (Y ) MAIN CINTEG

GYMDY g at Y = -AY TRANGD CTRANG

GYYMDY gyy at Y = -AY TRANGD CTRANG

GYYPDY g at Y = I + 6Y TRANGD CTRANG

gy

GYYlPDY g at Y =  + Y TRANGD CTRANGgyy

HINF h MAIN CDECODE

HN parameter used for bent cone calcs. BODYR CBENT

HOT2 2h + V2  MAIN BLK04

HX h RGAS RGASS

f IBN = 0, spherical nose INPUT CBENT

= 1, bent sphere-cone nose

ICFL step count used after expansion MAIN BLK03

discontinuity for option to reduce
step size

ICHECK Flag indicating predictor or MAIN CDECODE
corrector for DECODE
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

IDYAW = 0 symmetric case (40 = r) MAIN BLANK

= I nonsymmetric case (%) = 2n)

IERRPR number of previous steps to be INPUT CSAVE
printed out after error
termination

IJMPKT(M) step count used after expansion WALL BLK03
and compression discontinuities
for X derivative cancellation
option

IJUMP(M) flag used to indicate that a BODYP, BLK03
discontinuity in body slope has MAIN
been sensed

IJUMPI(M) flag used to control options in JUMP, BLK03
WALL when body slope discontinuity BODYP,
has been encountered WALL

ISWMOD flag used to select options for INPUT CWALL
wall point calculation

ISWSMO for 0 - M - ISWSMO, entropy at INPUT BLK04
wall is defined by extrapolation

JCFL = 1, 2, or 3; tells which of pI' p 2, EVAL CEVAL

13 determines stability cond.

K step count MAIN BLANK

KCFL number of steps to reduce step size INPUT CWALL
after an expansion discontinuity

KFAC step size is reduced by AZ/KFAC INPUT CWALL
after an expansion discontinuity

LCNT Maximum number of real gas INPUT BLK04
iterations

MA MC-l MAIN CINTEG

MAS = MC (IDYAW=O) MAIN CSAVE
= MC-I (IDYAW=l)
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Principal

FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

MC M, the number of points in the Y INPUT BLANK
direction

MCFL value of m where stability condition EVAL CEVAL
is determined

MCP MC+l MAIN CTRANG

MCMAX max. 0 pts. in dimension starements DATA Card

MOD - 1, second order accuracy for wall INPUT, CWALL
points WALL

= 0, first order accuracy for wall
points

MX (REAL) MC (zc = 0) INTEG CINTEG

aMc
MXZ (REAL) az n INTEG CINTEG

MY (REAL) MC (zc =0) INTEG CINTEG
y

amc
MYZ (REAL) - (zc = 0) INTEG CINTEG

MZ (REAL) Mc (z 0) INTEG CINTEG
a c

amc
MZZ (REAL) a(z= 0) INTEG CINTEG

NA NC-l MAIN BLK04

NC N, the number of points in the INPUT BLANK
X direction

NCFL value n where stability condition is EVAL CEVAL
determined

NCMAX max. r pts. in dimension statements DATA Card

NFIRST flag used in RGAS MAIN, RGASS

RGAS
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Principal

FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

NJMKTC max. number of steps to modify INPUT, CWALL
X derivatives at wall after a MAIN

compression discontinuity

NJMPKT max. number of steps to modify INPUT, CWALL
X derivatives at wall after an MAIN
expansion discontinuity

NGAS flag to determine gas mixture INPUT RGASS
in RGAS

NSGD number of 0 values to be read in INPUT CTRANG

NSFD number of x values to be read in INPUT CTRANF

NTARGET number of target points for INPUT COUT

printout to be read in

NTEST 0 then perfect gas INPUT RGASS
< 0 then real gas

P(N,M) p(X ,Ym) EVAL BLANK

PDIF P./P. MAIN CSHOCK

PHI(M) (Y m) MAIN CBODY

PHIO 0 (= T or 27) INPUT BLANK
o

PHIIJ, * interval to turn JUMP subroutine INPUT CBODYP
PHI2J off

P1 7r MAIN BLANK

PID2 7r/2 BODYR CBENT

PINF p. INPUT BLANK

PWY(J) temporary storage for p at EVAL, BLK01
wall, (1) EVALSY

PZ P at wall WALL CWALL

PZCOR(M) @k WALL CWALL
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Principal

FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

R(N,M) r(X ,Ym) TRANF BLANK
n m

RAD 7/1800  MAIN BLANK

RRX gas constant RGAS RGASS

SFD(N) x = f(Xn) TRANFD CTRANF

SFXD (N) f X TRANFD CTRANF

SFXXD (N) f TRANFD CTRANF

SGD(M) 0 = 00 g(Ym) TRANGD CTRANG

SGYD (M) gy TRANGD CTRANC

SGYYD (M) gyy TRANGD CTRANG

SINF s MAIN BLANK
o

SINPHI(M) sin [(Ym) MAIN CBODY

SPDIF MAIN CSHOCK

SW(M) s at wall DECODE BLK04

SWY(J) temporary storage for s at wall, (1) EVAL, BLK01
EVALSY

SZ at wall, (6) WALL CWALL

TANBN tan (THETABN) BODYR CBENT

TANCO tan(CONE) BODY, CBODY
BODYR

TARGETZ Z values for targeting printout INPUT COUT

(100)

TF4(N,L) T (3) TRANF BLK02Tf4

4

TF6(N,L) T (3) TRANF BLK02
f6o

TF7(N,L) Tf (3) TRANF BLK02
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Principal
FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

TG4(J) gy TRANG BLK02

TG5(J)Tg 5 - gyy/gy, (1) TRANG BLK02

TG6(J) gyz/gy (l) TRANG BLK02

THETA y - 0/€ 0 TRANG BLK02

THETABN bend angle in bent cone calcs. INPUT CBENT

TX temperature RGAS RGASS

U(N,M) u(X , Ym) DECODE BLANK

UNOR(N,L) (N - 1,2,3, only) A, (3) EVAL BLK01
UZCOR(I,M) Fk Fk - 2Fk SHOCK CSHOCK

Nm + N-2,m- N-l,mO

V(N,M) v(X ,Y) DECODE BLANK

VINF V MAIN COUTGo

VOWY(J) v/w at wall, (1) EVAL, BLK0I
EVALSY

VlINF V sin a cos8 MAIN CDECODE

V2(J) V2 at wall, (1) EVAL, BLK01
EVALSY

V21NF V sin 6 MAIN CDECODE

V2

V2Z av at wall WALL CWALLaz

W(N,M) w(X nY m) DECODE BLANK

WINX V Cos a Cos8 MAIN CDECODE

X(N) X MAIN BLK02
n

XINDEF Undefined quantity COUT

110

...4. . . , . . . . . . .



NSWC/WOL/TR 77-28

Principal

FORTRAN Defining Common
Symbol Description (in Part I notation) Routine Block

XPHI(N,L) X , (3) TRANF BLK02

XR(N,L) Xr, (3) TRANF BLK02

XZ(N,L) X, (3) TRANF BLK02

X1KINEQ 9 MAIN CDECODE

XlKINP2 0 + 2 MAIN CDECODE

Y(M) Y MAIN BLK02m

YAW $ INPUT COUT

YPHI(J) Y , (1) TRANG BLANK

YZ(J) Y, (1) TRANG BLANK

z zk+l or Zk MAIN CBODY

ZBB(M) parameters used in bent cone calcs. MAIN, CBENT
BODY

ZEND zend, final z value INPUT COUT

ZMAXS parameter used in bent cone calcs. BODY, CBENT
BODYR

Remarks:

(1) These quantities are not fully stored. The J index identifies a
line Y = constant and is either 1, 2, or 3. For quantities indexed
as (N,J), the index N refers to X = X

n

(2) Quantities indexed (I,N,M), (I,N,J), or (I,N,L) are 4 dimensional
column vectors. The index I - 1,2,3, or 4 indicates the component
(from top to bottom). The exceptions are CUP(I,I,M), CU(I,I,M),
CUP(I,NC,M), and (CUI,NC,M).

(3) These quantities are not fully stored. The L index identifies a

line Y = constant and is either 1 or 2. For quantities indexed as
(N,L), the index N refers to X = X

n

(4) At certain points in the MAIN, these locations store the numerical
Z-derivatives of the indicated quentities for the predictor step.

(5) In real gas calculations, these quantities are defined with
r = r in MAIN. In perfect gas calculations, these quantities
are constants.
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9. MAIN

MAIN is divided into two sections. Section 1 is comprised of all

operations performed at the initial entry to the program; hence, this

section is executed only once in the entire calculation. Section 2 contains

the predictor-corrector marching scheme and is, therefore, executed

repeatedly. Each cycle through this section corresponds to one marching

step of the calculation. The basic operation of MAIN, and hence the

entire program, is shown schematically in Fig. 8. Each rectangle in the

figure represents a major subsection of the program. Note well, these

functional rectangles can be easily identified in the listing by locating

the corresponding comment cards. The individual subsections are described

in Sees. 9.1 and 9.2 below.

9.1 Section 1

Input - The initial flow field data is input from tape and rezoned

if necessary. Also, various program controls and parameters are input

from cards. Specific instructions arnd descriptions of both of these

inputs are given in the User's Manual.

Initializations and Parameters - Various fixed parameters used through-

out the calculation are computed and the X,Y,CU, and ASQ and GM arrays are

initialized (except for N=1 and NC) using the initial flow field data.

ac ac_

Preliminary Predictor Loop - This loop computes the derivative=s ;Z

ac~ z~ a P 32 3s which are required in the predictor for the first

step. These derivatives are determined using (3.9a) -03.9c), (3.6a),

(3.16) -(3.18); their values are stored in the CUP and GP arrays.
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SECTION 1 SECTION 2

START

INPUTj

PREDICTORLiZ UPDATE
INITIALIZATION jLOOP

PARAMETERS_ __ _ _

CORRECTOR-

I PREDICTOR

LLOOP

F0RCE-_

MOMENT-

OUTPUT

STOP

Fig. 8. Flow chart of MAIN
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Here the CU, ASQ, and GM arrays (see sec. 8) for N-1 and NC are initialized

using wall and shock quantities from the initial data. In each pass through this

loop, the above operations are performed on the adjacent lines M-1 and M*. The

quantities Kl,K2 (= 1 or 2) are indices which identify certain quantities

determined in the previous pass through the loop (see the comment statements

in the listings for more details). When the loop has been completed, the

stability parameter, CFL, for calculating the step size for the first step

has been determined (in EVAL).

9.2 Section 2

AZnew Z - In this subsection, the step size AZ is determined using

the value of the stability parameter, CFL, obtained in the previous cycle

or, in the case of the first step, in the Preliminary Predictor Loop. After

an expansion discontinuity, AZ can be reduced if this option is selected

by the user. The new value of Z is then obtained by incrementing the

previous value of Z by AZ. This subsection also contains tests to determine

if an axes shift is necessary in bent cone calculations (see User's Manual

for details).

Predictor Update Loop - In this loop the predicted values of the

conservation vector U, the wall quantities P,V2,s, and the shock geometry CCzC

for the new value of Z are determined using (3.6a), (3.13) , and (3.10).

Recall that the Z-derivatives appearing in these equations were computed

in the previous cycle or, in the case of the first step, in the Preliminary

Predictor Loop and were stored in the CUP and CP arrays. In the execution

of the loop, the predicted values, as they are determined, replace the

derivative values in these arrays.

*The set of computational points (X(N),Y(M)} where M is fixed and N=I,2,...,NC
will be referred to as the line M.
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Corrector-Predictor Loop - This loop contains the major part of the

marching step calculation. In the loop, various operations are performed

on the adjacent lines* M, M-l, and M-2. The quantities Kl,K2 (= 1, or 2)

and Jl,J2,J3 (= 1, 2, or 3) are indices which identify certain quantities

determined in previous passes through the loop (see, the comment statements

in the listing for more details). In each pass through the loop, the

following operations are performed in the sequence indicated**:

(i.) On the line M, the predicted values of the flow variables

2
p,p,w,u,v,a are determined from the predicted

values of U,P,V 2 S,c, c , c (c.f., DECODE, see Sec. 10.2). Note that the

predicted values of U,P,V 2 ,s,C ,cz c were determined in the Predictor Update

Loop.

(ii.) The corrected value of c at Y = Y(M) is determined using

(3.11 ).

(iii.) On the line M-l, the corrected values of the conservation

vector U, the wall quantities P,V2,s, and the shock geometry c,,cz are

determined using (3.6b), (3.14), (3.11). These are stored in the CU array.

2
(iv.) On the line M-l, the corrected values of p,Q,u,v,w,a

are determined using the quantities obtained in (iii), and the corrected

value of c determined in (ii.) for the previous pass through the loop;

c.f., DECODE,

Sec. 10.2. Note that the corrected values obtained here replace the

*Ibid

**The sequence of operations indicated here is necessarily modified for the

first and last two passes through the loop (see the listing for details).
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predicted values in the P,D,U,V,W,ASQ,CPHI,CZ arrays on the line M-1.

The predicted values on M-1 are no longer needed in the calculation.

(v.) If for Y = Y(M-I), a discontinuity in body slopes has been

found (by BODYP, the true body geometry is substituted for the modified

geometry (in BODYPP) and discontinuities in the surface flow variables

are computed (in JUMP). This procedure is discussed in detail in Sec. 4.1.

(vi.) On the line M-l, the'local stability parameters 1j/(w 2 - a )

(c.f., Sec. 3.6) are computed using the corrected values of the flow variables

and the maximum of these parameters taken over all previously computed

lines is up-dated to include the line M-1 (in EVAL). Note that the stability

parameters being considered here are for the next Z step.

(vii.) On the line M-2, the derivatives D, ;P' 3' ' aZ z ' aZ

required for the predictor for the next step are computed using (3.6a),

(3.16)-(3.18), and (3.9a)-(3.9c). These quantities are stored in the

CUP and CP arrays.

Note that after the Predictor-Corrector Loop has been completed, the

arrays CU,C,cZ, CPHI,P,U,V,W,ASQ contain corrected values of the corresponding

quantities at the new value of Z. The arrays CUP and CP contain the values

of the Z derivatives required for the predictor step of the next cycle.

Furthermore, the stability parameter, CFL, for determining the size of

the next step has been determined.

Force and Moments, Output - On this subsection, the aerodynamic force

and moment results are computed (in INTEG) and outputs are performed.

The flow variables and the force and moment results for the current step
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are output to a binary tape (TAPE 16). Also, if selected by the user,

the current flow field results are output on-line (in FIELD). The various

options available for on-line printout are discussed in the User's Manual.

If the calculation is to be continued (i.e., the current value of Z

is less than ZEND and the step count K is less than the maximum number

of steps selected by the user), the control is returned to the beginning of

Section 2 and the cycle for the next step is performed. If, on the other

hand, the calculation is to be terminated, the current flow variables

and the force and moment quantities are output to a binary tape (TAPE 17).

This tape serves as an input tape if the calculation is to be restarted

from the current station in a different run (see the User's Manual for instruc-

tions on restarting). The final operation before termination is the on-line

printout of the surface pressure data and the force and moment coefficients

(see OUT, Sec. 12.3).
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10. SUBROUTINES USED IN THE FLOW FIELD CALCULATION

The subroutines discussed in this section are all called from

MAIN in the Preliminary Predictor Loop and the Corrector-Predictor Loop.

These two loops and the subroutines of this section constitute the

complete algorithm for computing one marching step of the flow field

calculation. All the subroutines in this section are line operations;

i.e., when the subroutine operation depends on X and Y, all points

X(N), Y(M) where M is fixed and N = 1,2,.-*,NC are considered for each

entry. When the subroutine operation depends exclusively on Y, only the

value Y = Y(M) is considered for each entry. Generally, the inputs to

and outputs from these subroutines are via the COMMON BLOCK (see Sec. 8).

Thus the arguments in the calling sequences of these subroutines only

contain indices which identify the input/output quantities on the particular

line for which the subroutines are to operate (the exceptions to

this are DECODE (see, Sec. 10.2) and JUMP (see, Sec. 10.4).

10.1 BODYP, ENTRY BODYPP

Calling sequence: Call BODYP(M,J3)

where M is the line index; i.e., Y = Y(M).

J3 (= 1,2, or 3) is the identification index corresponding
to the line M for the body parameters

Al,A2,..,A5,A7.

Description: This routine defines the body parameters Al(J3),.'.,

A5(J3),A7(J3) for the line M (for definitions of these quantities, see

Sec. 8). These quantities are computed using the body geometry contained

in B(M), BPHI(M), BZ(M), BZZ, BZPHI, and BPHPHI (determined in BODY). Note

that BODYP is always called after BODY in the MAIN.
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This routine also tests for discontinuities in body slope (see

Sec. 4.1 for a discussion of the procedures used when such discontinuities

are present). If a discontinuity is found and if subroutine JUMP is to

be used, the flag IJUMP(M) is set to 1 and the old (previous) values of

bz, b , bo, and bzz (stored in BZO(M), BPHIO(M), etc.) are used to define

Al(J3), A2(J3), etc. In this case, the true values of the body derivatives

are stored temporarily in BZT(J3), BPHIT(J3), etc. The entry point BODYPP

is used only when the JUMP routine is used. It is called from the

Corrector-Predictor Loop for the purpose of redefining the arrays Al(J3),

A2(J3), etc. using the true values of the body derivatives.

10.2 DECODE

Calling sequence: CALL DECODE (M,CV, J,NDIM,MDIM)

where M is the line index; i.e., Y = Y(M)

CV is either the CU or CUP array

J (= 1,2, or 3) is the identification index corresponding

to the line M for the body parameter

A2

NDIM is the value of the dimension for the N

index of CV

MDIM is the value of the dimension for the M
index of CV

Description: This routine defines the flow variable arrays P,D,U,V,W,ASQ

* .and the shock arrays C,CZ,CPHI for the line M. The flow quantities at the

wall (N = 1) are determined from the values of P, V2 , and s contained in the

CV array for N = 1 using p = exp(P), (2.4b), and (3.15). For interior points

1 < N < NC, the flow quantities are determined from the values of the
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conservation vector contained in the CV array using the procedure described

in Sec. 3.2. At the shock N - NC, the flow variables are determined using

the Rankine-Rugoniot relations with c,c,,c z contained in the CV(1,NC,M)

CV(3,NC,M),CV(2,NC,M) arrays (see Sec. 3.3). The thermodynamic properties

needed in these procedures are supplied from subroutines RGAS and HGAS.

This routine also contains the selective smoothing procedure given

in section 4.1. When an interior point has a negative pressure, the

conservation vector CV is redefined at that point using (4.11) and flow

variables are recomputed.

10.3 EVAL, ENTRY EVALSYENTRY EVALPR

Calling sequence: CALL EVAL (L,M,IT,JSG,JCG,JCFCE)

where L is 0 in the predictor and 1 in the

corrector

M is the line index; i.e., Y = Y(M)

IT (= 1 or 2) is the identification index corresponding
to the line M for XZ,XR,XPHI,TF4,
TF6,TF7

JSG (= 1,2, or 3) is the identification index corresponding
to the line M for YPHI,YZ,TG4,TG5,TG6

JCG is the identification index corresponding
to the line M for CG,VOWY,PWY,SWY,V2

JCFCE (= 1 or 2) is the identification index corresponding

to the line M for CF,CE,UNOR

Description: This routine determines the flux vectors F and G and

the source term E on the line M using the definitions given in (3.3a),

(3.3b), and (3.3c). The flow variables p,p, etc. used in these equations
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are the current values contained in the COMTMON arrays P,D, etc. on the

line M. On this line, these arravs mav contain predicted values (when

L = 1) or corrected values (when 1. = 0). The other quantities required

in (3.3a) - (3.3c) are XZ,XR,XPHI,TF4,TF6,TF7 (from COMMON using the

index IT) and YZ,TC4,TG5,TG6 (from COMMON using the index JSG). The values

of F and E that are obtained are stored in COMMON arrays F and E using the

JCFCE index; the value of G is stored in the CG array using the index JCG.

This routine also computes and/or stores various quantities used in WALL and

SHOCK. These are A for N = 1,2,3 (stored in the COMMON array UNOR using

the index JCFCE), the wall values (N = 1) of v/w,p,s,V 2 (stored

in the COMMON arrays VOWY,PWY,SWY, and V2, respectively, using the index

JCC) and the shock slopes c ,c (stored in COMMON arrays CPHTY and CZY
using the index JCG). 0' 2

For each step Z, of the calculation, EVAL is entered twice; once

when L = 0 (predictor) and once when L = 1 (corrector). When this routine

is entered with L = 0 (corrected values in P,D, etc.) the local stability

2 _2parameter v,/(w - a ) (c.f., Sec. 3.6) is computed and compared to the

maximum of these quantities taken over the previously executed lines. Note

that the value of CFL in COMMON after EVAL has been executed is the maximum

of the local values taken over the lines 1,2,---,M.

The entry EVALSY is used in the symmetric problem to define the COMMON

arrays CG,VOWY,PWY,V2,CPHIY, and CZY on the "fringe" lines corresponding to

-AY and 1 + AY. The flow variables on these planes are determined using

the symmetry conditions (3.21) and (3.22). For this entry, the argument

M is 2 (for Y = - AY) and MC-I (for Y = 1 + AY); the index IT identifies the
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elements of the COMMON array TC5 corresponding to Y = 0 or Y = 1; and

the index JSG identifies the elements of the arrays YZ and YPHI corresponding

to Y = - AY or Y = 1 + AY.

The entry EVALPR is used in the non-symmetric problem to define the

COMMON arrays CG,VOWY,PWY,VZ,CPHTY, and CZY on the planes -AY and 1 using

(3.24). In this entry M is MC-l for the plane Y = - AY and 1 for the plane

Y = 1; the index JCG identifies the elements of the COMMON arrays YZ and
YPHI on these planes.

10.4 JUMP

Calling sequence: CALL JUMP (DBP,DBZ,MB)

where DBP is [(b /b)_ - (b /b) ](see Part I notation)

DBZ is [(b) - (bz)+] (see Part I notation)

MB is the line index; i.e., Y = Y(MB)

Description: This routine computes the discontinuities in the flow

2
variables p,p,u,v,w,a at the wall (N = 1) associated with discontinuities

in bz and/or b c.f., Sec. 4.1. This routine is called only when a

discontinuity is found (in BODYP) for Y = Y(MB) (i.e., the flag IJUMP(MB) = 1).

The routine computes che surface flow variables on the downstream side of

the discontinuity (subscripted + in Sec. 4.1) using the formulas given in

Sec. 4.1. The flow variables with subscript - in Sec. 4.1 are input from

COMMON in the P,D, etc. arrays with N = 1. The output flow quantities

(corresponding to the subscript + in Sec. 4.1) are stored in these locations

when the routine is executed. The routine also sets the flag IJUMPl(MB)

(see comment cards of JUMP for details), puts ISWSMO = 0, if there is a

compression corner, and starts the counts ICFL and IJMPKT(MB).

These are used in WALL and the MAIN to control
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various special procedures for the wall point calculations downstream of

the discontinuity (see, Sec. 4.1 for details).

10.5 TRANF, ENTRY TRANFW

Calling sequence: CALL. TRANF(M,J,I)

where M is the line index; i.e., Y = Y(M)

J (= 1,2, or 3) is the identification index corresponding

to the line M for YZ,YPHI,TG6

I (= 1 or 2) is the identification index corresponding
to the line M for XR,XZ,XPHI,TF4,
TF6,TF7

Description: This routine defines the arrays R,XR,XZ,XPHI,TF4,TF6,

and TF7 on the line M using the definitions given by (3.3g), (3.3i), and

r = b + x(c - b). The quantities x = f, fZ' fYI etc. appearing in these

equations must be specified in this routine by the user. Specifically,

defining relations for the following FORTRAN variables must be programmed

into this routine as functions of (X,Y,Z):I

SX = f , SFX = fx SFY= fy SFZ = fz

SFXX= f ' SFYX= fYX SFZX = fZX

(see Sec. 4.3 for a discussion of the requirements on the choice of the

mapping function f(X,Y,Z) and a non-trivial example). In the routine,

any of the above variables which do not depend explicitly on X can he

defined outside the loop on N; all variables defined which depend on X

must be defined inside the loop on N (see listing). Note that version 1

of this routine given in Appendix D has two options. One is for the case of no

clustering in the radial direction; i.e., f(X,Y,Z) = X, hence, SX = f = X(N),

SFX = 1.0, and SFY = SFZ - SFXX = SFYX = SFZX = 0. The other option allows

the user to select the desired mesh spacing in the radial direction by directly

inputing the values of x = f to be used in the calculation (see sec. 4.3 for

details). When this option is used, the necessary data is read-in and the

quantities f'fxP and fXX (all Y and Z derivatives of f are zero) are computed
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in TRAM (see sec. 12.5). These derivatives are input to TRANF via the

COMMON arrays SFD, SFXD, and SF200, The other quantities needed in
the evaluations of R,XR, etc. are YZ,YPHI,TG6 (input from COMMON using

the index J) and B,BZ,BPHI,C,CZ, and CPHI (input from COMMON using the

index M). The quantities XZ,XPHI,TF4,TF6, and TF7 are stored in COMMON

using the index I. Note, this routine is called only once per line.

For this call, C contains the corrected value, CPHI and CZ contain predicted

values. When the corrected values of CZ and CPHI are determined, the

quantities XZ,XPHI,TF6,TF7 (the only ones depending on CZ and CPHI) are

updated in the Corrector-Predictor Loop.

The entry point TRANFW is used only once in the program (called

from Section 1 of MAIN). Its purpose is to print out on the heading page

an identification of the particular mapping function f used in the routine.

10.6 TRANG, ENTRY TRANGW

Calling sequence: CALL TRANG(YY,M,J)

where YY is the value of Y = Y(M)
M is the line index
J is the identification index corresponding

to the line M (where M is such that
YY = Y(M)) for YPHI,YZ,TG4,TG5,TG6

Description: This routine defines the quantities THETA,YPHI,YZ,TG4,TG5,

TG6 for Y = YY

where

THETA = y = g , YPHI = l/( ogy) , YZ = - gz/gy

TG4 = gy TG5 = gyy/gy, TC6 gzy/gy

These quantities are stored in COMMON using the J index.
The quantities g, gy, g7 ' etc. appearing in the above definitions must

be specified in this routine by the user. Specifically, defining relations

for the following FORTRAN variables must he programmed into this routine

as functions of (YY,Z):

SG= g , SGY = gy , SGZ = gZ

SGYY = gy , SGYZ =YZ
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(see Sec. 4.3 for a discussion of the requirements on the choice of the

mapping function g(YZ) and a non-trivial example). Note that version 1

of this routine given in Appendix D has two options. One is for the case of

no clustering in the azimuthal direction; i.e., g(YY,Z) = YY, hence, SG - YY,

SOY = 1.0 SGZ - 0, SGYY - 0, SGYZ - 0. The other option allows the user

to select the desired mesh spacing in the 0-direction by directly inputing

the values of O(M) to be used in the calculation (c.f., sec. 4.3). For this

option, the necessary data is read-in and the quantities g.gy~g.y (Z derivatives

of g are zero) are computed in TRANFD (see sec. 12.6). These are input to

TRANG via the COMMON arrays SGD,SGYD,SCYDD using the index M.

The entry point TRANGW is used only once in the program (called from

Section I of MAIN). Its purpose is to print out on the heading page an

identification of the particular mapping function g used in the routine.

10.7 WALL

Calling sequence: CALL WALL(M,JR,JL,JSC,IF,L)

where M is the line index; i.e., Y = Y(M)

JR,JL (= 1,2, or 3) are line identification indices used
for the Y differences (i.e.,
corresponding to M and M + 1,
respectively, for the predictor and
to M - I and M, respectively, for the
corrector)

JSG (= 1,2, or 3) is the identification index corresponding
to the line M for YPHI,YZ,TC5,TC6,
A3,A4,A5,A7

IF (= 1 or 2) is the identification index corresponding
to the line M for XR,TF6,TF7,UNOR

L is 0 in the predictor and 1 in the
corrector

_ s

Description: In this routine, the derivatives - = P Z Z , and

are computed for use in both the predictor and corrector for the wall
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points (X = 0, N = 1); c.f., Sec. 3.4. This routine contains both the

formulations described In Section 3.4. These formulations are denoted

in the code using the following terminology:

MOD 0 indicates that (3 .16a) and (3.17a) are used in
(3.16) and (3.17), respectively.

MOD 3 indicates that (3.16b) and (3.17b) are used in
(3.16) and (3.17), respectively.

When the flag ISWMOD = 0, MOD 0 is used; when the flag ISWMOD = 3,

MOD 3 is used. This routine also contains the option for using second

order accurate differencing for the wall points; i.e., (3.19). This option

can be used with either the MOD 0 or the MOD 3 formulations. It is

controlled by the MODI flag; i.e., second order accuracy is used when

MODI = 1 and is not used when MODl = 0. Another option contained in this

routine is that of wall entropy reduction (see, Sec. 4.2). This option

can be used with any combination of the other options; it is controlled

by the flag ISWSMO. When ISWSMO j 0 and M ! ISWSMO, the routine computes

the wall value of s (not its derivative) using the extrapolation formula

(4.10.2).

Initially, the usci can select which of the above options are to

be used (see User's Manual for instructions). When discontinuities in

body slope are encountered on the line M, modifications in the computational

procedure at the wall are automatically made on the line M and other

options come into play (see Sec. 4.1 for a discussion of these procedures).

The wall point calculation on the line M is controlled by the flag

TJUMP1(M). When IJUMPI(M) = 0 the user selected options are used; i.e.,

there is no body slope discontinuity on the line M. Immediately after

a discontinuity is found on the line M by BODYP, IJUMPI(M) (in JUMP or

BODYP) is set to: 2 if JUMP finds no pressure change across the discontinuity
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(or if JUMP is not used), 3 if JUMP finds a pressure change due to an

expansion, 4 if JUMP finds a pressure change due to a compression. When

IJUMPl(M) = 2, the wall point calculation is as follows for the remainder

of the run:

(i.) MOD 0 is used on the line M

(ii.) the entropy reduction option is turned off (ISWSMO is

set to zero in JUMP) if a compression corner exists

(iii.) on the line M, second order accuracy is turned off (if

originally selected)

When IJUMPl(M) = 3 or 4, i.) - (iii.) are used with the option for

zeroing the X derivative terms in (3.16) (c.f., Sec. 4.1). This option

will then be used for ensuing marching steps on the line M until the

test (4.10.2) is satisfied on the line M or until a maximum number of

steps downstream from the discontinuity have been taken. The maximum

number of steps used in this procedure can be chosen by the user and can

differ for expansions or compressions. When either of the above criteria

are satisfied, the flag IJUMPI(M) is set to 2 for the remainder of the run.

Note, the associated counting and testing is performed in this routine.

In the evaluation of 1P  -2--, the quantities which must be Y

differenced are input from COMMON in the arrays PWY,VOWY,SWY,V2 or CG

(N = 1) depending on whether the MOD 0 or the MOD 3 formulation is used.

The Y differences (forward for the predictor, backward for the corrector)

are controlled by the MAIN using the indices JR,JL. The final results for
3P 3V2 3s
Z - Z~, 'and - are returned to MAIN using the COMMON variables PZ,V2Z,

and SZ, respectively; however, when the entropy is extrapolated the value

of s, not its derivative, is returned in SZ.
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10.8 SHOCK

Calling sequence: CALL SHOCK (M,JR,JL,JSG,IF,L)

where M is the line index, i.e., Y - Y(M)

JR,JL (=1,2, or 3) are line identification indices used for
for Y differences (i.e., corresponding
to M and M-l, respectively, for the
predictor and to M-1 and M, respectively,
for the corrector)

JSG (-1,2, or 3) is the identification index corresponding
to the line M for YPHI, and YZ

IF (-1 or 2) is the identification index corresponding
to the line M for CF, CG, and CE

L is 0 in the predictor and 1 in the
corrector

Description: In this routine, the derivatives LZ, ac and - zaz'3 az
are computed for use in both the predictor and corrector steps; c.f.,

Sec. 3.3. The quantities to be Y differenced are input from COMMON in

the arrays CZY, CPHIY, and CG. The Y differences (forward for the

predictor, backward for the corrector) are controlled by MAIN using the

ac Lt c
indices JR,JL. The final results for T, a, Z are returned to MAINZ' Z ' Z aertre oMI

using the COMMON variables DCZ,DCPHZ,DCZZ, respectively.
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11. AUXILIARY SUBROUTINES

11.1 INTEG

Calling sequence: CALL INTEG (IFLAG)

where IFLAG is 0 for the first entry and 1 for

all other entries

Description: This routine numerically integrates the surface

pressure results to obtain the components of the aerodynamic force and

moment and their z derivatives. The definitions of these quantities and the

procedures used for their evaluation are described in Section 5. In this

routine, the center for the moment is the origin; i.e., z = 0. When thec

routine is called for the initial value of Z (= z ), IFLAG = 0 and only

the z derivatives are computed. When the routine is called for each

k
subsequent step, Z , IFLAG = 1 and the z derivatives and the components are

k
computed. The latter corresponding to the body truncated at z = Z . The

quantities required for evaluating the integrands in (5.1) - (5.5) are

input using the COMMON arrays P(N = 1),B,BZ,BPHI,GY,COSPHI,SINPHI. The

results are stored in the COMMON arrays FN,FY,FAMX,MY,MZ,FNZ,FYZ,FAZ,MXZ,

MYZ,MZZ. Note that (for the symmetric problem only the

non-zero quantities are computed. Also, the numerical formulas for

determining the z derivatives are slightly different from those used

for the non-symmetric problem.
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11.2 INTRPL

Calling sequence: CALL INTRPL (L,X,Y,N,XX,YY)

where L is the number of pts. in the input arrays X
and Y

X is the array containing abscissas of

the input table to be interpolated

Y is the array containing the ordinates
of the input table to be interpolated

N is the dimension of the XX and YY arrays

XX is the array containing the abscissas at

which the interpolant is to be evaluated

YY is the array containing the ordinates

obtained by evaluating the interpolant
at the XX values

Description: This routine is called from REZONE and SHFAX for the purpose

of interpolating the given points (X,Y) to find the values YY corresponding

to the specified XX values. The routine given in Appendix D uses standard

linear interpolation. The routine assumes that the input data in the X

and XX arrays are increasing; i.e., X(I) < X(I + 1) and XX(I) < XX(I + 1).

11.3 REZONE

Calling sequence: CALL REZONE (NCNEW,MCNEW,ROLD,PHIOLD,DCUB,DARR1,DARR2,

DARR3,DARR4,NDlM,MDlM)

where NCNEW is the number of points in X direction

for the run

MCNEW is the number of points in Y direction

for the run

ROLD is a dummy array used to store R array

from input tape

PHIOLD is a dummy array used to store the PHI

array from input tape
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DCUB is an array used to store the P,U,V,W
arrays from input tape*

DARRI,DARR2,DARR3 are temporary storage arrays corresponding

to the index M

DARR4 is temporary storage array corresponding
to the index N

NDIM is the value of the dimension for the
N index

NDIM is the value of the dimension for the
M index

Description: This routine must be used when the coordinates r and s

of the initial data on the input tape are different than the r, coordinates

corresponding to the computational mesh for the run. The routine generates

initial data at the points of the computational mesh by interpolating the

data obtained from the input tape. The interpolations are performed in

INTRPL (see, Sec. 11.2). Instructions for using the routine are given

in the User's Manual.

11.4 RGAS

Calling sequence: CALL RGAS (PX, RX, SX, NUMX)

where PX is pressure

RX is density

SX is entropy

NUMX is a flag indicating mode of operation
(see below)

Description: This routine was developed at NASA Ames to provide

thermodynamic properties of 13 different gas mixtures. The variable

NAS indicates which mixture is to be used. When NUMX is 4, pressure

*Note that the use of DCUB in this routine requires that the arrays P,U,V,W

are consecutive in COMMON.
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and density are input and entropy (SX), enthalpy (HX), sound speed (AX)

and temperature (TX) are found directly using table look-ups. When

NUMX is 5, entropy and pressure are input and an iterative procedure Is

used to determine density. This value of density and the given pressure

are then used to find the other variables (as in the case NUMX-4). If

NTEST is non-negative, perfect gas relations are used. In this mode GX

contains y and RRX the perfect gas constant. The variables

AX,HX,TX,RRX,GX,NTEST,NGAS are transmitted to and from the routine via

COMMON/RGASS. For a more detailed description of RGAS see the following:

Eaton, R. R. and Larson, D. E. "Improved Real Gas Routines for Sandia's

NASA Ames Flowfield Program", SAND 75-0493, Feb., 1976.

11.5 HRGASIENTRY ARGAS

Calling sequence: CALL HRGAS (PX,RX,QX,N1)

where PX is pressure

RX is density

QX is sound speed square

NI is a flag indicating mode of

operation

Description: This routine is a shortened version of RGAS which

calculates only enthalpy (HX) and sound speed given the pressure and the

density. This routine is called only in real gas calculations. If

NI - 2 only enthalpy is returned; for NI = I both quantities are returned.

ENTRY ARGAS is similar except that the values of pressure and density

are those defined in the last HRGAS call. This subroutine must be used

in conjunction with RGAS since this latter routine loads the COMMON

arrays used by MG.
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11.6 SERCH. LOCATE

These routines are called only in RGAS and HRGAS. They have no

direct use in the flow field calculation and therefore will not be

discussed here.

11.7 SHFAX, SHFAXD

Calling sequence: CALL SHIFAX (I,NDIM,MDIM,RN,UN,VN,WN,PN,DN,CPP,

CZO,CON,CN,CNO,CPHIO)

where I is (=1,2) a flag indicating which of the two
criteria is used for axis shifting (c.f.,
sec. 11, User's Manual)

NDIM is the value of the dimension for the
N index

MDIM is the value of the dimension for the
M index

RN,UN,VN,WN,PN,CPP, are dummy storage locations
CZO,CON,CN,CNO,CPHIO

Description: SHFAX is called when the coordinate system is to be

shifted by a parallel displacement of the z axis in the x-z plane (see

Fig. 1). This procedure is used in bent nose calculations. For a

discussion of this mode of calculation see the user's manual. The

coordinate system is shifted by the amount ZAS (see user's manual for explana-

tion of this and other parameters used). The x,y,z coordinates of the

.ew (shifted) origin in the original system is (- ZAS,0,0). The routine

"letermines the flowfield variables and shock geometry for restarting the

calculation on the initial plane in the shifted coordinates which

corresponds to the last computational p'ane in the original coordinate

system. This is performed using bilinear interpolation of the known flow

field in the original coordinate system. The aerodynamic moments are also
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referenced to the new origin. The flow variables, shock geometry, and

moments in the original coordinates are input from COMMON; also the

corresponding quantities in the shifted coordinates are output using

COMMON. *The dummy storages are used internally for the interpolations.

SHFAX is called from SHFAXD (see below). ,

Calling sequence: CALL SHFAXD (I,NDIM,MDIM, CV,CVP,CP,CZO,CON,
CN, CNO,CPHIO)

I is (-1,2) a flag indicating which of the two
criteria is used for axis shifting (sec. 11,
User's Manual)

NDIM is the value of the dimension for the
N index

MDIM is the value of the dimension for the
M index

CVCVP,CPCZO,CON,CN, are dumy storage locations

CNO, CPHIO

Description: This routine calls SHFAX. It sets-up-the uzmy

storages used in SHFAX.
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12. INPUT-OUTPUT SUBROUTINES

12.1 BODY, ENTRY BODYW, ENTRY BODYR

Calling sequence: CALL BODY(M)

where M is the line index; i.e., Y = Y(M)

Description: This routine inputs to the program the values of the

body shape function, b( ,z), and certain of its derivatives (see below)

for 4 = PHI(M) and z = Z. Where, the values of PHI(M) and Z are input to

the routine from COMMON. The coordinate system in which the function

b( ,z) is specified is illustrated in Fig. 1. The specific COMMON

variables which are defined in this routine are:

B(M) = b , BZ(M) = bz BPHI(M) = b

BZPHI = b , BZZ = b , BPHPHI =b

This subroutine must be supplied by the user to describe the particular

body geometry to be considered in the calculation. The only programming

requirements are that the COMMON block CBODY (also CBENT if bent nose is used)

mus- be included in the subroutine and the above quantities must be defined

for i = PHI(M) and z = Z. The version of this routine supplied in the

listings (Appendix D) is discussed in the User's Manual.

The entries BODYW and BODYR are used only once in the program (both

are called from Section I of MAIN). The entry BODYR is used to read-in

and compute the parameters used in the body shape function. The entry

BODYW is used to print-out on the heading page a message which identifies

the particular geometry being considered in the run.
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12.2 FIELD

Calling sequence: CALL FIELD

Description: The purpose of this routine is to print-out the flow

field data for a fixed axial station, Z, where Z is input from COMMON.

The execution of this routine is controlled by the user with various output

options (see the User's Manual for descriptions and instructions). This

routine can be easily adapted to suit the individual needs of the user.

Note that for each entry to the routine, the final (or corrected) values

of the flow variables at the axial location Z are contained in the COMMON

array P,D,U,V,W,ASQ. The specific outputs contained in the version of

FIELD given in the listings are discussed in the Users' Manual.

12.3 OUT

Calling sequence: CALL OUT

Description: This routine is executed when the flow field calculation

is completed. The purpose of the routine is to print out on-line surface

pressure distributions and force and moment data. A description of these

outputs is given in the Users Manual. The data to be printed out in this

routine is read from the output tape (TAPEI6) generated during the run.

The routine converts the force and moment data to coefficient form and computes

the centers of pressure (when defined) (see, Section 5 for definitions).

The values of Aref' Zc, Zref used in the definitions of these quantities

are input in this routine (see User's Manual for details).

12.4 RECOVR, SAVE

Calling sequence: EXTERNAL SAVE

CALL RECOVR (SAVE, FLAGS, CHECKSUM)
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where SAVE is the name of subroutine to be

executed if flagged conditions occur

FLAGS is the octal value for conditions under
which recovery code is to be executed.
In this code, subroutine SAVE is
executed if there is an arithmetic mode
error, PP call or auto-recall error,
or time or storage limit exceeded.

CHECKSUM has to do with taking check sums.

If equal to 0 no checksum desired.

Description: RECOVR is a special recovery routine supported by CDC

on their operating systems SCOPE 3.4 and KRONOS 2.1. The RECOVR subroutine

allows a user program to gain control at the time that abnormal job termina-

tion procedure would otherwise occur. In this program, subroutine SAVE

is called.

Calling sequence: CALL SAVE (EY [,ENRUN,RAPO)

where EX is a 17 word integer array of the exchange
package. The program does not use
this array.

ENRUN is a flag that determines the type of

program termination. The program does
not use this flag.

RAPO may be an array starting at RA + 1.
The program does not use this array.

Description: The subroutine SAVE calls subroutine FIELD (see, Sec. 12.2)

for the last IERRPR steps of the calculations. See the User's Manual for

a description of the variable IERRPR. Also, subroutine SAVE calls subroutine

OUT (see, Sec. 12.3).
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12.5 TRANFD

Calling sequence: CALL TRANFD

Description: This routine is called when the mesh spacing in the

radial direction is read in from cards (see userb manual for details).

The routine is called only once in the program (from Section 1 of MAIN).

TRANFD reads in the values of x f(Xn)* to be used in the calculation

and computes numerically the derivatives fx and fxx (c.f., sec. 4.3).

The quantities xi f, fx1 and fxx are returned using the COMMON arrays

SFD, SFXD, and SFXXD, respectively. Note that NSFD is the number of

radial points in the computational mesh.

12.6 TRANGD

Calling sequence: CALL TRANGD

Description: This routine is called when the mesh spacing in the

*-direction is read in from cards (see user's manual for details). The

routine is called only once in the program (from Section 1 of MAIN).

TRANGD reads in the values of 0 - 0 g(Ym)** to be used in the calculation

and computes numerically the derivatives gY and gyy (see, sec. 4.3). The

quantities g, gy, and gyy are returned using the COMMON arrays SGD, SGYD,

SGYYD respectively. Note that NSGD is the number of 4 planes in the

computational mesh. When a symmetric problem is being computed TRANGD

also computes gy and gyy on the fringe planes -AY and I+AY. These quantities

are returned using the COMMON variables GYMDY and GYYMDY (for Y - -AY)

and GYIPDY and GYYIPDY (for Y -t I+AY).

*In this option, the mesh clustering function f(X,Y,Z) is assumed inde-

pendent of Y and Z.

**In this option, the mesh clustering function g(Y,Z) is assumed

independent of Z.
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APPENDIX D

LISTINGS

In this appendix the fortran listings of the code are given (with

the exception of RECOVR which is a CDC system routine). The listings

given here contain the error mode update, IDENT DUMP, which is described

in sec. 12.2 of the User's Manual.

Page No.

MAIN, D3CSS (sec. 9) ......... ....................... ... 140

BODYP (sec. 10.1) .......... ......................... ... 153
DECODE (sec. 10.2) .......... ........................ ... 154
EVAL (sec. 10.3) .......... ......................... ... 159
JUMP (sec. 10.4) .......... ......................... ... 161
TRANF (sec. 10.5) .......... ......................... ... 165
TRANG (sec. 10.6) .......... ......................... ... 167
WALL (sec. 10.7) .......... ......................... ... 169
SHOCK (sec. 10.8) .......... ......................... ... 172

INTEG (sec. 11.1) .......... ......................... ... 174
INTRPL (sec. 11.2) .......... ........................ ... 176
REZONE (sec. 11.3) .......... ........................ ... 177
RGAS (sec. 11.4) .......... ......................... ... 179
HRGAS (sec. 11.5) .......... ......................... ... 184
SERCH (sec. 11.6) .......... ......................... ... 185
LOCATE (sec. 11.6) .......... ........................ ... 186
SHFAX (sec. 11.7) .......... ......................... ... 187
SHFAXD (sec. 11.7) .......... ........................ ... 189

BODY (sec. 12.1) .......... ......................... ... 190
FIELD (sec. 12.2) .......... ......................... ... 199
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PROGRAM O3CSS(INPUT=OlnB.OUTPUTTAPF3=512,TAPE16,TAPEI7=SI? D3CSS 2
1 .TAPEi5,TAPEIS.512,TAPES=INPUT.TAPEh=OUTPUT.TAPEg) D3CSS 3

C D3CSS 4
C TH[S PROGRAM COMPUTES 3-0 SUPERSONIC FLOW OVER BODIES D3CSS 5
C GIVEN BY R=B(PHIZ) D3CSS 6
C PRINCIPLE FEATUPES ARE AS FOLLOWS D3CSS 7
C 1. WEAK CONSERVATION FORM FOR POES ARE SOLVEn. I.E. D3CSS a
C CU SUB Z = -CF SUN X - CD SUB Y - CE D3CSS 9
C '. CONSERVATION DEPENDENT VARIABLES. CU, ARE RELATED TO THE D3CSS 10
C NON-CONSERVATION VARIABLES (PRFSSUPE (P), DENSITY (0)o D3CSS 11
C VELOCITY COMPS (UVW)) NY THE FOLLOWING EnNS. D3CSS 12
C CU(IN.M)=D*W(N.M) D3CSS 13
C CU(2,N.M)=P(N.M)-O(N.M)OW(NM)OO2 D3CSS 14
C CU(39N9M)=D(NM)*W(N#M)eU(NvM) 03CSS 15

C CU(4,N.M)=D(N.M)OW(NM)OV(NM) D3CSS 16
C 3. MACCORMACK 2ND ORDER SC4EME USED AT INTFRIOR PTS. D3CSS 17
C 3.1 IF INTERIOR PRESSURE IS NON-POSITIVE9 THEN THE D3CSS 18
C CONSERVATION QUANTITIES ARE REDEFINED USING AVERAGES D3CSS 19
C IN X DIRECTION D3CSS 20
C 4. AT WALL, CHARACTERISTIC COMPATABILITY RELATIONS ARE USED D3CSS 21
C IN PREDICTOR-CORRECTOR MANNER D3CSS 22
C NOTE THAT AT THE WALL D3CSS 23
C CU(1.1) STORES WALL LOG(P) D3CSS 24
C CU(P.1) STORES WALL ENTROPY D3CSS 25
C CU(3*1) STORES V2=V.(BPHI/R)*U D3CSS 26
C 4.1 WALL ENTROPY RELAXATION IS AN OPTION D3CSS 27
C S. SHOCK SHAPE (C) AND SHOCK SLOPES (CZ) AND (CPHI) ARE 03CSS 28
C DETERMINE IN PREDICTOR-CORRECTOR MANNER. 03CSS 29
C NOTE THAT AT THE SHOCK (N=NC) D3CSS 30
C CU(INC) STORES C 03CSS 31
C CU(2,NC) STORES CZ D3CSS 3?
C CU(3*NC) STORES CPHI 03CSS 33
C 6. EITHER PERFECT GAS (CONSTANT GAMMA) OR REAL GAS D3CSS 34
C EQUILIBRIUM THERMO. CAN RE USED D3CSS 35
C 7. MES" CLUSTERING TRANSFORMATIONS IN THE RADIAL AND D3CSS 36
C CIRCUMFERENTIAL DIRECTIONS ARE INCORPORATED D3CrS 37
C 8. THE USER CAN SELECT EITHER OF TWO PROBLEMS - D3CSS 38
C (1) THE SYMMETRIC PROPLEM D3CSS 39
C (2) THE NON-SYMMETRIC PROPLEM D3CSS 40
C A.1 IN THE SYMMETRIC PROBLEW - BODY IS SYMMETRIC WITH D3CSS 41
C RESPECT TO PITCH PLANE (ZERO YAW). PHIzO AND D3CSS 42
C PHI=|l0 (DEGS) ARE SYMMETRY PLANES. PDtUoW ARE SYMM. D3CSS 43
C AND V IS ANTI-SYMM. AT SYMM. PLANES. D3CSS 44
C 8.2 IN THE NON-SYMMETRIC PROBLEM - BODY HAS NO D3CSS 4S
C RESTRICTIONS AND YAW MAY BE NON-ZERO. ALL FLOW D3CSS 46
C VARIABLES ARE PERIODIC WITH PERIOn = 360 (nEGS) D3CSS 47
C Q. THIS VERSION HAS PROVISIONS FOR LOCAL EXPANSION ANn D3CSS 48
C COMPRESSION JUMPS AT DISCONTINUITIFS OF BZ AND/OR APMI D3CSS 49
C IN 7 DIRECTION D3CSS s0
C 10. THIS VERSION HAS PROVISIONS FOR BENT NOSE BODY D3CSS 51
C GEOMETRIES REQUIRING A SHIFT OF AXES (SEE 03CSS 52
C USERS MANUAL FOR DETAILS) D3CSS 53
C D3CSS 54

COMMON NCMCKPINFDINF.PMIOIDYAW.PIRAn NEWCOM 1
COMMON YZ(3),YPHI3),C(2S)CZf2S)tCPHI(?SoR(20.2S) NEWCOM 2
COMMON D(20,2S),P(20,25),U(20,25),V(20,25),W(20,2S),AS(20.25) NEWCOM 3
COMMON CU44.20,2S),CUP(42025) NEWCOM 4
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C *. OEND'OF QLNKCOMMON *** CD3trss 32
CMON /CtENT/ 8N(25).ALNS DSTAUONBFTA.RSN.CENUF.ELII3ELTA NFwrmCS

1 *COSRNEPSQZMAXSPID2,TANBN. IBN.HN.THFTABN C~REN 3
COMMON /CTRANG/ NSGD,SGO(25).SGYD()SGYyn(25) NEwro" -
1 ,GYMflY.GYYMOY ,CYIPDY ,GYYIPDYr CTRANG 3
? ,MCP NEWrom 7
COMMON /CTRANF, NSFDSFD(20).SFXn(2n),SFXXr(2O, NEwrOm -4
COMMON /C8OflY/ Z,BZZ,8PHPHI*PZPHI.TAf4C0.DFLZ CAOr)y 2
1 PH(5.(5oZ2)BH(2~CS-(c)SNH(5 CROOy 3
COMMON /CBOO)YP/ DZPHI1.JPH2JRZT(3),RPHTT(3),PZZT(3) CpOflYP 2
I ,RPMPHT(3)*RZPHIT(3),BZO(25)*RPHTO(?).RPHPO(2r(.dZPI(25) CAOnyP 3
2 B8ZZO(25)( C8rODYP
COMMON /CEVAL/ NCFL*JCFLoMCFLtCL93J CEVAL 2
COMMON /CDECODE/ GFF,GC,,GI41,H!NF.VIINF.VINF.MINXDINF2 COECODE 2
1 ,ICHECK*XIKINEGiXlKlNP29GC (20.25) CDECODE 3
COMMON /CINTEG/ FN,FYFAMX.MY,.4Z,FNZFYZFAZ,MXZMYZMZZ CINTEG 2
1 DY039MA.GY(25) CINTEG 3
REAL MX ,MY.MZMXZMYZMZZ CINTEG 4
COMMON iCOUTi ACH,ATTA,YAW,ZENOXINDEF,VINF,SINF COUT 2
1 eNTARGET.TARGETZ(100) COUT 3
COMMON /CWALL/ PZ,V2ZSZISWMOD,mOD1.NJMPKT,NJMKTCXCFL.KFAC CWALL 2
1 *PZCOR(2r;) CWALL 3
COMMON /CSAVE/ IERRPR.MAS CSAVE 2
COMMON /CSHOCK/ DCZ.OCZZDCPMZPDIF,SPDIFDINX,D1 INF.O2INF CSHOCK 2
1 .UZCOR(4,25) CSHOCK 3
COMMON /BLI(01/ CZY(3),CPm!Y(3(,V2(3),VOWY(3),PWY(31,SWY(3) BLK01 2
1 ,UNOR(3,?),CF(4,20,2),CG(4,20,3).CE(492092) BLK01 3
COMMON /BLKO2/ THETAOYTG4(3)gTGS(3),TG6(3) BLK02 2
1 .X(20),AZ(20,21,XR(20,2).XPHI(209Z).Y(25) BLK02 3
2 vTF4(20,?,TF6202)TF(20q2) OLK02
COMMON /BLK03/ ICFLA2(3,9A3(3)A43).AS(3,qA73) aLK032
1 ,IJUMP(25),IJUMPI(25),IJMPKT(25) OLK03 3
COMMON /BLKn4/ GA.4MAGR.GOGEGA2,DDX.DDYMOT2,ELIMLCNTISWSMONA BLK04 2
1 ,SW(25),CM(20q25) BLKn4 3
COMMON /RGASS/ AX.HXTX,RRX,GX.vJTESTNGASNFIQST D3CSS 5

C D3CSS -s
DIMFNSION K6UT(5)9ZPRINT(5) D3CSS
EXTERNAL SAVE 03CSS 6

C D3CSS 63
C NCMAX MUST BE THE SAME NUMBER AS IN THE COMMON STATEMENTS D3CSS 64
C CORRESPONDING TO THE NUMBE4 OF RADIAL POINTS. 03CSS 65
C MCMAX MUST BE THE SAME NUMBER AS IN THF COMMON STATEMENTS D3CSS 66
C CORRESPONDING TO THE NUMBER OF TANGENTIAL PLANES D3CSS 67
C D3CSS 658

DATA (NCMAX=20)*,(MCMAX=25) NEWCOm 22
C D3CSS 70

NAMFLIST /INPUT1/ KAZENt.FACTORDPRINJTK(UT,?PRINT, IZONE. D3CSS 71
1 NCNEWMCNEW,IPCP'.K1NtGISWSMOISWM0DMO01, D3CSS 72
2 ?MOO1ONZMOD1OFPKIIJD.PHI2JDZCFL1.ZCFL2,KCFLKFAC. D3CSS 73
3 NJMPKT.NJMKTS.NTd GETTAPGETZIEORPR D3CSS 74
4 *ISTARTISTARTELIM.LCNTIPRCFL.ISwDIFNSGONSFO D3CSS 75

C D3CSS 76
C**O~O~.*..404........e.*..*.....00004000e.....*.0*D3CSS 77

C SECTION 1 03CSS 78
C THIS SECTION IS EXECUTED ONLY ONCF9 D3CSS 7
C AT INITIAL PROGRAM ENTRY. D3CSS so

C**00
0
*.@.00000.*........*....*..*.*...*.........**D3CSS A1
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C D3CSS 82

C *ee READ IN INITIAL DATA AND PROGRAM CONTROLS *ee D3CSS 83

C KA IS THE MAXIMUM NUMRER OF STEPS TO BE TAKEN D3CSS 8.

C ZENO IS THF LAST Z VALUE D3CSS 95

C FACTOR IS THE CFL FACTOR D3CSS 96

C DZRRINT IS THE Z INCREMENT USE) FOR PRINTING D3CSS 87

C KOUT(I) IS THE NUMBER OF STEPS RETwEEN PRINT OIuTS WHEN D3CSS so

C ZPPINT(I-1) *LE. Z *LT. ZPPINT(I) D3CSS 89

C IZONE - 0 "EANS DO NOT REZONE 03CSS 90

C = I uEANS REZONE D3CSS 91

C NCNEW IS THE NUMBER OF POINTS IN RADIAL DIRECTION D3CSS 92

C MCNEW IS THE NUMBER OF PLANES IN TANGENTIAL DIRECTION D3CSS 93

C IPC a I THEN FORWARD DIFFERENCE FOR PREDICTOR STEP D3CSS 94

C BACKWARD DIFFERENCE FOR CORRECTOR STEP D3CSS 95

C IPc = o THEN BACKWARD DIFFERENCF FOR PREDICTOR STEP D3CSS 96

C FORWARD DIFFERENCE FOR CORRECTOR STEP D3CSS 97

C KlKlNEG IS THE K IN THE I-K-1 SMOOTHING OF D3CSS 98

C CONSERVATION VECTORS IF P IS NEGATTVF D3CSS 99

C ISwS1O = ISWSMO MEANS EXTRAPOLATE WALL ENTROPY FOR ISWSMO PLANES D3CSS 100

C z 0 MEANS NO EXTRAPOLATION OF WALL ENTROPY D3CSS 101

C ISwMOD a 0 MEANS MOD 0 FOR WALL B.C. 03CSS 102

C - 3 MEANS MOD 3 FOR WALL B.C. 03CSS 103

C MOnl a 1 MEANS SECOND ORDER ACCURACY AT WALL EXCEPT AFTER D3CSS 104

C DISCONTINUITIES IN BZ AND/OR BPHT D3CSS 105
C z 0 MEANS NO SECOND ORDER ACCURACY D3CSS 106

C ZMODION IS THE Z VALUE AT WHICH TO TURN ON SECOND ORDER ACCURACY D3CSS 10T

C ZMOOIOF IS THE Z VALUE AT WHIC4 TO TURN OFF SECOND ORDER ACCURACY D3CSS 108

C (PHIIJD*PHT2JO) IS THE PHI OPEN INTERVAL IN WHICH NOT TO 03CSS 109

C USE SUBROUTINE JUMP D3CSS 110

C (ZCFLIZCFL2) IS THE Z OPEN INTERVAL TO USE FACTOR/KFAC 03CSS III
C AS THE CFL FACTOR D3CSS 112

C KCFL IS THE NUMBER OF STEPS AFTER AN EXPANSION JUMP TO USE 03CSS 113

C FACTOR/KFAC AS THE CFL FACTOR D3CSS 114

C NJMPKT IS THE MAXIMUM NO OF STEPS AFTER AN EXPANSION JUMP 03CSS 115

C TO SET X DERIVATIVES TO ZE4O AT WALL 03CSS 116

C NJMKTS IS THE MAXIMUM NO OF STEPS AFTER A COMPRESSION JtIMP D3CSS 117

C TO SET X DERIVATIVES TO ZERO AT WALL 03CSS 118

C NTARGET IS THE NUMBER OF Z TARGET OINTS D3CSS 119

C TARGETZ IS THE ARRAY OF THE Z TARGET POINTS D3CSS 120

C IERRPR - THE LAST IERRPR STEPS WILL BE PRINTED IF AN ERROR OCCURS D3CSS 121

C ISTART 1 1 MEANS RESTART FROM TAPEIS D3CSS 122

C = 0 MEANS DO NOT RESTART FROM TAPEIS D3CSS 123

C KSTART IS THE K STEP NO. ON TAPE1S AT WHICH TO RESTART 03CSS 124

C ELIM AND LCNT ARE ERROR AND NUMBER LIMITS ON ITERATIVE PROCEDURES D3CSS 125

C IPRCFL IS THE NO. OF STEPS BETWEEN PRINTOUTS OF CFL INFORMATION D3CSS 126

C ISWDIF = 1 THEN THE DIFFERENCING IS SWITCHED FROM STEP TO STEP D3CSS 127

C = 0 THEN DIFFERENCING IS NOT SWITCMED D3CSS 128

C NSGD IS THE NO. OF PHI"°S TO BE READ D3CSS 129

C SGO IS THE ARRAY OF PHI°S (DEGREES) READ IN SUBROUTINE TRANGD D3CSS 130

C NSFO IS THF NO. OF SF(X)"S TO BE READ IN SUBROUTINE TRANFD D3CSS 131

C SFD IS THE ARRAY OF SF(X)"S READ IN SUBROUTINE TRANFO O3CSS 132

C 03CSS 133

PI-A.*ATAN(I.) S RADxPI/180. D3CSS 134

DO 5 I-1,5 D3CSS 13S

KOUT(I)620 4 ZPRINT(I)l000000. D3CSS 136

5 CONTINUE D3CSS 137

KA=?000 S FACTOR-.9 S DZPRINTaI000000. D3CSS 139
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HZONEO 0. IPC=l D3CSS 139
KIK1NEG= S ISwSMO=O S 1SwMOD=3 S MOD1=1 D3CSS 140
ZmOI31ON=l00n0oa. S ZMOO1OF=1000000. S PHIIJD=0. S PH12JD=0. D3CSS 141
ZCFL1=O. S 7CFL2O0. S KCFL=O S KFAC=3 S NJMPtKT=O D3CSS 142
NJMKTS=4 S KITAPGET=0 S ISTART=O S K-.TAPT=l S IFPRPR=-1 D3CSS 143
IPRCFL=l s isdonFao S NSGD=0 S NSFQ=0 O3CSS 144
EL14=.001 S LCNT=20 S rBN=0 S HN=O. 03CSS 145
PEArl (S.INPUIJT) DiCSS 146

CALL B00YR D3CSS 147
PHI (1)=0. 03CSS 148
CALL OUTR D3CSS 19
ICP21-IPC S MOD1ON=ODC0 5

PHIIJP4IJD*RAD S PHI2j=PHI2JD*RAD D3CSS 152
ICFL=0 S FACJMPxFACTOR/KFAC S FACT1=FACJMP S KFACIS1 D3CSS 153
NJ!4KTC=KFAC*NJMKTS S ITARGETal D3CSS 154,

C D3CSS 155
C NC IS THE NUMBER OF POINTS IN RADIAL DIRECTION D3CSS 156
C MC IS THE NUMMER OF PLANES IN TANGENTIAL DIRECTION D3CSS 157
C NA IS THE NUMBAER OF INTERVALS IN RADIAL flIRECTION D3CSS 158
C MA IS THE NUMBER OF INTERVALS IN TANGENTIAL DIRECTION D3CSS 159
C ATTACK IS THE ANGLE OF ATTACK IN DEGREES D3CSS 160

C YAW IS THE SIDESLIP ANGLE IN DEGREES 03CSS 161
C ACH IS THE MACH NUMBEP D3CSS 162

C K IS THE NUMBER OF STEPS IN THE AXIAL DIRECTION 03CSS 163
C 03CSS 164

IF (IERRPR *GE. 0) CALL RECOVR(SAVE9790) 03CSS 165
IERRPRzIABS CIERRPR) DUMPI
IF (ISTART *EQ. 0) GO TO 9 D3CSS 166

7 READ (15) NCM4C.ATTACKYAW.ACHGAMMAPINFDINF.PNIOK.Z 03CSS 167
A 9"GAS9NTFST9RRX 03CSS 1058
1 .FNFY.FAMXMYMZFNZFYZFAZMXZ.MYZMZZ 03CSS 169
2 .(PHI(M),C(M),CZ(M).CPHI(M),Mu1,MC) D3CSS 170
3 ,C(R(NM(.U(NMJ,-V(NguJ.W(NM),PCNM).O(NM),M21,MC).N=1,NC) 03CSS 171
IF (EDF(15)) 12.8 03CSS 172

8 WRITE (16) NCMCATTACKYAW.ACHGAMMAPINFDINF.PHIOKZ 03CSS 173
A #NGASvNTPST,RRX D3CSS 174

1 ,FN.FyFAMX.MYMZFNZFYZFAZMXZMYZMZZ 03CSS 175
2 ,(PHI(M),C(M),CZ(M).CPHI(M),IA1MC) D3CSS 176
3 *((R(NM).U(NM)sV(N.M),W(N.M),P(NM),D(NM),M=1,MC),N=INC) 03CSS 177
IF (K *LT. KSTARTI GO TO 7 03CSS 178
GO TO 15 03CSS 179

9 REAn (3) NCM4C.ATTACK.YAWACHGAMMAPINFDINFP410,KZ D3CSS 180
A 9Nf6*SvNTESTvRRX D3CSS IAl
I ,FNFY.FAMX.MYMZFNZFYZFAZMXZMYZMZZ D3CSS 182
2 ,(PHI(M),C(M).CZ(M).CPHI(M).M21,mC) D3CSS 1183
3 ,((R(NM),U(NM),V(NM),W(NW),R(NM),D(NM),M=lMC),N=lNC) D3CSS 184
IF (EOF(3)) 10915 03CSS 185

10 WRITE (6.4080) D3CSS 1A6
4000 FORMAT(*1 NO DATA ON TAPE3 -- STOP -*)D3CSS 187

STOP 03CSS 188
12 WRITE (69400S) K*KSTART S STOP D3CSS 189

400S FORmAT(1M1,.THE LAST K ON TAPElS IS..I5,* LESS THAN0,IS, D3CSS 190
1 -- STOP -- D3CSS 191

C D3CSS 192
C ** PARAMETERS .D3CSS 193

1S ATTAmATTACK S ATTACKsATTACKORAD S 07s0. 03CSS 194

143



NSWC/WOL/TR 77-28

IF iNSGO *GT. I)) CALL TRANGO O3CSS 195
IF (NSFO *GT. 0) CALL TRANFO O3CSS 196
SINALsSIN(ATTACK) S COSAL=COS(ATTACKJ D3CSS 19?
YA=YAW*PI/1A0. S SINSET=SIN(YA) S COSBETCOS(YAj D3CSS 198
PDIF=PINF/OINF D3CSS 199
OINF2=OINFO!INF D3CSS 200

NFqS=1O 3CSS 201
GX=GAMMA D3CSS 20
SINF=O. 03CSS 203
IF(NTEST.GE.0)CO TO 50 D3CSS 204
CALL RGAS(PINFOINF*SINF94) O3CSS 205
HINFzMX D3CSS 206
GA4MA21./( 1.-PINF/,OINF*HINF)) O3CSS 207
VINF=AX.ACH 03CSS 208
GO TO 60 D3CSS 209

50 VINF=SQRT(GAMMAOPINF/OINF)*ACM 03CSS 210
HINFzGAMMA*PINF/( (GAMMA-l.?*OINF) O3CSS 211

60 HOT2s2.*HINF*VINF*02 O3CSS 212
GIMl1I.-GAMMA 03CSS 213
61 lzGAMMA D3CSS 214
681I./(GAMMA-1.) D3CSS 215
GA*GB*GAMMA S GA2=2.*GA D3CSS 216
GO-.S/GS D3CSS 217
GE=GO*. D3CSS 218
GFFaGAMMA*. D3CSS 219
GGzGFF/GB O3CSS 220
W1NX=COSBET*COSAL*VINF O3CSS 221
V11NFxCOSSET*SIFAL*VINF 5 V21NFaVINF*SINlBET D3CSS 222
SPOIFal ./SQT (PO173 D3CSS 223
DINX=WINX*SPO!7 S D1INF=V1INF'SPOIF S 021NF=V21NF*SPDIF 03CSS 224
IF eNSFO *LE. 0) GO TO 17 5 IF (NSFD .EQ. NC) GO To 17 03CSS 225
NCNEW=NSFO S IF (IZONE NME. 0) GO To 17 S IZONEul S 04CNEWoMC O3CSS 226

17 CONTINUE 03CSS 22?
IF (NSGD *LE. 0) GO TO 16 5 IF (NSGD E70. MC) GO To 16 D3CSS 228
MCNFW=NSGO % IF (IZONE *NE. 0) Go TO 16 S IZONE~l S NCNEW=NC D3CSS 229

16 IF (IZONE *NE. 0) 03CSS 230
1CALL REZONE (NCNEWMCNEWASQIJUMP.O,98ZO,8P)HIORZOXZNCMAX.MCMAX) D3CSS 231
NA=NC-1 S MCPzMC.1 S MAUMC-1 S 4CP2=MC*? D3CSS 232
MCM22MA-l s rIC24 D3CSS 233
OX=I./NA S OY1j./MA S DOYzMA S DOX*NA S BJODX/DY 03CSS 234
IF (IPC .EQ. 0) BJ=-BJ D3CSS 235
OY03=OY/3. D3CSS 236
IF (PMIO *LE. 2.*PI-1.E-6) GO TO 18 D3CSS 237

C *** SET VARIABLES FOR NON-SYMMETRIC PRORLE4 (PMIO=36O) 0* 3CSS 238
cospHr(mc)zl. % SINPMZ(MC)=O. D3CSS 239
MASsMA S MCSxMC S IOYAWal S MCM2S=MCM2 D3CSS 240
GO TO 21 D3CSS 241

C *e* SET VARIABLES FOR SYMMETRIC PRORLEm (PHIOUIRO) D4 3CSS 242
18 MASwMC S MCSHMCP S IDYAW20 S MCM2S*O D3CSS 243
21 YOU-OY S YMCPuI.*OY D3CSS 244

C 03CSS 245
C ** PRINT TME HEADING PAGE 0* 03CSS 246

PHZoD=PmZO/PAD 03CSS 247
WHENuDATE(WNEN) S CLTIMwTIME(CLTIM) D3CSS 248
IVEPSON=10 03CSS 249
00 150 121#1 D3CSS 250
WRITE (693000) IVERSONWHEN*CLTIM D3CSS 251
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WRITE (6.3010) 03CSS 252
WRITE (6,30?0) rAZENO.FACTOR D3CSS 293
WRITE (6.3021 )ELIMLCNT D3CSS 254
WRITE 1693010) ZPRINT D3CSS 2S5
WRITE (6,3040) KOUT D3CSS 256
WRITE (6,3045) OZPRINT D3CSS 257
WRITE (6,30S0) ACH,ATTA,YAW9VINF D3CSS 258
WRITE (6.30S1) PINF.OINFNINFMOT2/?.,SINF D3CSS 259
IF (NGAS *LF. 0) WRITE (693054) GAMMARRX CoRRi I
IF (NGAS *GT. 0) WRITE (693056) NGAS D3CSS 261l
WRITE (6,3060) Pt410D D3CSS 262
WRITE (693070) Z D3CSS 263
WRITE (6.3080) NA,MA D3CSS 264
IF (IZONE .NE. 0) WRITE (6,3090) D3CSS 265
CALL BOOYW(rOUM) D3CSS 266
CALL TRANGWCOU4,IOUMIflUM) D3CS 267
CALL TRANFO(IDUMIDUM9IDUM) D3CSS 269
WRITE (6,4010) D3CSS 269

4010 FORMAT(//////25X*OAOOITIONAL FEATURES*) D3CSS 270
IF (IPC *EQ. 1) WRITE (6,3108) 03CSS 271
IF (IPC *EQ. 0) WRITE (693109) 03CSS 272
IF (ISWSMO *NE. 0) WRITE (6,4019) ISWSMO D3CSS 273
IF (ISWSMO *EQ. 0) WRITE (6,4020) D3CSS 274
IF (ISWMOO .EQ. 0) WRITE (694029) 03CSS 275
IF (ISWP40 .EQ. 3) WRITE (694030) 03CSS 276
IF (ZHOOION .LE. ZEND) WRITE (69403S) ZMODlON D3CSS 277
IF (MOO! *Eo. 1) WRITE (694040) ZMOD1OF 03CSS 278
WRITE (693206) KIKINEG D3CSS 279
WRITE (693152) PHIlJDqPHI2JD D3CSS 280
WRITE (693135) FACJMP*ZCFL1,ZCFL2 D3CSS 281
WRITE (693136) FACJMP9KCFL D3CSS 282
WRITE (6,3147) NJMPKToNJMKTS 03CSS 283
IF (ISWDIF *NE. 0) WRITE (694055) D3CSS 284

150 CONTINUE D3CSS 285
IF (Z *GT. ZCFL2) ZCFLI=2.*ZEND D3CSS 286

3000 FORmAT( iHi ,?0XvPROGRAM D3CSS',6XOVERSION', 14,6X,.OATE~oA12,6Xo 03C;S 2Q7
I *TIME09A12) D3CSS 288

3010 FORMAT(11X.*3-0 SUPERSONIC FLOW 0 3CSS 299
1 *FLOW IS NONSYMMETRICAL#) D3CSS 290

3020 FOR%9AT(11X9.MAXIMUM NO. OF STEPS 2*,1596X9 D3CSS 291
1 *LAST Z VALUE ',1IPE15.6.6X,.CFL FACTOR *09OPF6.3) D3CSS 292

3021 FORMAT(11Xq.ERROR LIMIT *91PE12.492X9*MAXTMUM NUMBER OF ITERATIONS 03CSS 293
10915) D3CSS 294

3030 FORUAT(I1X#.PRINT CONTROLS ARE',5X,*ZPQTNT.,5F12.2) 03CSS 298i
3040 FORMAT(11X923X9*KOUT '.5112) 03CSS 296
3045 FORUAT( 11X*23Xv'DZPRINT',F11.2) D3CSS 297
3050 FOQ4AT(lIXv*MACH NO. :.,F8.2v6X,*ANGLE OF ATTACK =',F7.296X9 D3CSS 298

1 *YAW ANGLE z*9F7.2o3X,'VINF =*iF1O.2) D3CSS 299
3051 FORMATH1IX90FREE STREAM PROPERTIES . PINF z 091PE12.490 DINF m 0 D3CSS 300

1 91PE12.4** HINF 2*1PEI3.49* HO =',IPE13.490 SINF x',1PE13.4) D3CSS 301
30S4 FORUAT(11X90PERFECT GAS (GAMMA s'.F6.P,4X, CORRI 2

1 *GAS CONSTANT x*91PE15.6o*)*) CoRpi 3
30S6 FORMAT(11X#*REAL GAS (GAS NUMBER IS',139')*) D3CSS 303
3060 FORMAT(11Xq*FLOW IS PERIODIC WITH PERIOD u*9F7.2) D3CSS 304
3070 FORMAT(11X,OCALC. BEGINS AT Z zo*EIS.7) D3CSS 305
3080 FOR%4AT(11X90RADIAL INTERVALS NA x**1496X9 D3CSS 305

I'TANGENTIAL INTERVALS MA =0914) D3CSS 307
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3040 FORmAT( lXREZ0NE THE 4ESH IN THIS RUN*) D3CSS 308
3103 FONMAT(IH0.I0X.OFO wARO DIFFERENCE cOR PRFnICTOP STEP AND *, D3CSS 309

1 *ACKWARn OIFFERENCF FOR CORRECTOR STEP IN x DIRECTION*) D3CSS 310

3109 FOkmAT(IH0.10X.*HACKWAPD DIFFERENCE FOR PRFDICTOR STEP AND 09 D3CSS 311
1 *FORWARO DIFFERENCE FOR CORRECTOR STFP IN X DIRECTION*) D3CSS 312

3135 FOWMAT(lH0.10X..THE CFL FACTOR IS REDUCED TO0,PF6.3, D3CSS 313
1 * WHEN / IS IN THE INTERVAL (',FA.2.*,O.?,')*) D3CSS 314

3136 FORMAT(IHO.10X..USE CFL FACTOR :*,0PF6.3, D3CSS 315
I * FOR*.* 1. STEPS AFTER AN EXPANSION JllMP OCCURS*) D3CSS 315

3147 FO)mAT(IH0.l0XTHE TEQM! FOR X DERIVATIVES AT THE WALL *, PXWALL 1
10AWF MODIFIFD FOR*./, PXWALL 2

2 17X.3. STEPS AFTER AN EXPANSION JUMP AND*,13, D3CSS 319
3 * STFPS AFTFP A COMPRESSION JUMP*) D3CSS 320

3152 FOR4AT(LH0,0X.*USING JUMP WHICH COMPUTFS JUMPS CORRESPONDING .. D3CSS 321
I *TO DISCONTS. IN BZ AND/OR 80HI EXCEPT FOR THE PHI INTERVAL (. D3CSS 322
p F7.2.*.*.F7.2.*)*) D3CSS 323

3206 FORUAT(l,.IOX.IF PRESSURE IS NEGATIVE THEN THE CONSERVATION D. 03CSS 324
1 *VECTORS ARE SMOOTHED BY 1-*912.0-1*) D3CSS 325

4019 FORAT(IH0.1OX..WALL ENTROPY EXTRAPOLATION FOR*.13,* PLANES*, D3CSS 326

1 * UNTIL A COMPRESSION JUMP AND THEN NO EXTRAPOLATION*) COPpi 4
4020 FOkmAT(IH0.10X.*NO WALL ENTROPY EXTRAPOLATION.) D3CSS 328
4029 FORMAT(UH0.10X.*MOD 0 FOR WALL POINTS*) D3CSS 329
4030 FORMAT(IHO,10X,MOO 3 FOR WALL POINTS UNTIL A JUMP OCCURS AND ', D3CSS 330

1 *THEN MOO 0 !S USED*) D3CSS 331

4035 FORMAT(IH0,|0X,.OPTION FOR SECOND ORDER ACCURACY AT WALL POINTS *9 D3CSS 332
I *IS TURN ON AT Z =*,IPE15.6) D3CSS 333

4040 FORMAT(IHO,10X,'SECOND ORDER ACCURACY IS USED AT WALL POINTS *9 D3CSS 334
I *FOR Z LESS THAN*,IPE15.69* OR UNTIL JUMP IS CALLED*) D3CSS 335

4055 FOR4AT()H0.I0X.'THE DIFFERENCING (FORWARD - BACKWARD) IS * D3CSS 336

I ,*SWITCHFD FROM STEP TO STEP*) D3CSS 337
C D3CSS 338
C "' INITIALIZATIONS "' D3CSS 339

00 15 N=1,NC D3CSS 340
25 X(N)U(N-11/nOX 03CSS 341

00 36 M=1,MAS D3CSS 342
IJUMPI(m)=IJMPwT(M)=0 D3CSS 343
y(' )M-1 )/ YD3CSS 344
O 15 N:I.N( D3CSS 345
TUNM=O(N.M) S TPNM=P(N,M) 03CSS 346
CALL RGAS(TPNMTDNM,DuMM,4) D3CSS 347
W(N,M)DTWNm=SQRT(HOT2-2.*HX-U(NtM)*2-V(N*M)**2) 03CSS 348
TCU=CU(IN.M) TDNMOTWNM D3CSS 349

CU(,2N.M)=TPNM.TWNM*TCU D3CSS 350
CU(3.N,M)=U(NM)OTCU D3CSS 351
CU(&,N.M)=V(NM)*TCU D3CSS 352

GM(N.M)=I./(I.-TPNM/(TDNM*HX)) D3CSS 353
GC(N,m)=I.E-99 D3CSS 354

15 ASQ(ON.M):AX*AX D3CSS 355
36 CONTINUE D3CSS 356

IF (IOYAW .FQ. 0) CPHI(I)=CPHI(wc)-0. D3CSS 357

C D3CSS 358
* ~D3CSS 3S9

C "' PRELIMINARY PREDICTOR LOOP (INITIAL STEP ONLY) "*9 D3CSS 360
C IN THIS LOOP, KI CORRESPONDS TO U-i AND K2 TO M IN CFCGCE D3CSS 361
C CONSERVATION VECTORS, AND TRANF, TRANG OUANTITIES. D3CSS 362
C NOTE WELL. IN THIS LOOP CUP AND CP STORES PREDICTED D3CSS 363
C Z-OTFFErENCES NOT PREDICTED VALUES. D3CSS 364
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KI1 S K?=2 O3CSS 3',
CFL=0.0 DwiC~s - ,
IF(IRN.FQ.1) GO TO 40 D3CSS o7
TCR=BSN/CUSHN S IF (Z .GT. DIST) HN=0. SHFAX?- I
CCC= (I.-TC, ** 03CS5 36

40 CONTINUE O3CSS '170
D0 100 M-4,MCS O3CSS 371
KK=Kl S K1=K? S K?=KK D3CSS 37?
IF (M *LT. MCS) GO TO 69 D3CSS 373
IF (IDYAW FEO. 1) 6O TO 65 O3CSS 374

C ** COMPUTE CG VECTOR AT Y=1.DY USING SYMMFTRY CONDITIONS *# D3C ,S 37)
CALL TRANG(YMCP,MCP,K2) D3CSS 376
CALL EVALSY(DUM,MAK1,9K2,K2*DUM) D3CSS 377
GO TO 80 D3CSS 378

C ** COMPUTE CG VECTOR AT Y=1 0* 3CSS 379
65 CALL TRANG(l.9MC,K2) D3CSS 380

CALL EVALPR(OUM,19DUMK29K2,OUM) D3CSS 3Fi1
GO TO 80 D3CSS 382

69 CALL TRANG(Y(M),M,K2) D3CSS 383
PHI (M)=THETA*PHIO S GY(M)=TG4(K2) D3CSS 3R4
COSPHI(M)=COS(PHI(M)) % SINPHI(M)=SIN(PHI(M)) D3CSS 395
IF (IBN *EQ. 1) GO TO 1045 D3CSS 386
ZAB(M)=1.E0A $ GO TO 1047 D3CSS 387

C ** COMPUTE SPHERE CONE JUNCTURE FOR BENT NOSE * D3CSS 388
1045 SCR= (COSPHI CM) OTANBN) **2 D3CSS 389

AAHB1 ..SCR D3CSS 390
88C=?.*(TCR-1 .-SCR) D3CSS 391
IF(PHI(M).LT.P102.OR.PHI(M).GT.OIP102) GO TO 1046 O3CSS 39i?
ZR8(M)=(-B8C.SORT(BRC*88C-4.*AA9*CCC))/(2.@AAB) D3CSS 393
GO TO 1047 D3CSS 394

1046 ZB()(BCSR(B*B-.ABCC)(.AB O3CSS 395
1047 CONTINUE D3CS 396

CALL R00Y(M) D3CSS 397
BZO(M)=RZ(M) $ PPHIO(M)=BPHI(M) D3CSS 39'R
BZZO(MI=07Z $ R7PHIO(M)=BZPHI S SPHPHO(M)=RPHPHI D3CSS 399

-*CALL BODYP(MK?) D3CSS 400
C *** INITIALIZATION OF CU(I11M)91 192,3 * D3CSS 401

PM=P(19M) S CU(191,M)=ALOG(PM) D3CSS 40?
CALL RGAS(PMO(IM) .SW(M) ,4) D3CSS 403
ASO U ,MI=AX*AX D3CSS 404
CU(2919?4)=SW(M) D3CSS 405
CU(3,1,M)=V(1,M)+U(IOM)*8PHI(M)/R(m) D3CSS 405
CU(1,NCM[=C(M) $ CU(?,NCgM)=C7(M) S CU(3,NCtM)=CPHI(M) O3css 407
CU (4.NCM)=CUP (4*NCM) =0. D3CSS 408
CALL RGAS(P(NCM) ,D(NCM) ,DUMMY94) D3CSS 409
ASQ(NC*M)=AX*AX D3CS 410
CALL TRANF(0qK?,K2) D3CSS 411
CALL EVAL(0,MqK?qK?,K29K2) D3CSS 412
IF (M *EQ. 1) GO TO 100 D3CSS 413

80 MB=PA-I D3CSS 414

DO 90 N=?,NA $ NP=N.IPC O3CSS 41
D0 90 I=I 4 D3CSS 416
CUPUI,NM8)=-(CF (INPKl)-CF(INP-1.K1) )DOX D3CSS 417
I -(CG(INK?)-CGc1.N.Kl)n*DnY-CF(INKI) D3CSS 41q

Is90 CONTINUE 03CSS 419
CALL WALL(MRtK?qKI*KlgKIs~ D0 3CSS 4?0
CUP(1,1,MB)=PZ S CUP(3*l9M8)=V27 D3CSS 421
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CURC2fl.M8?=SZ D3CSS 422

CALL SHOCK (mRK2oKl9Kl.Kl.0) D3CSS 423

CUP(1.NCMH)ODCZ S CUP(2*NC,MB)ODCZ7 S CUP(3*NCMR)SOCPHZ D3CSS 424

100 CONTINUE 03CSS 425

IF CISWOIF vNE. 0) IPC=ICP D3CSS 426

IF UDOYAW .FU. 1) GO TO 125 D3CSS 427

C * SET SYMM4ETRY CONDITIONS '*D3CSS 428

DO 110 N-2.NC D3CSS 429

110 CU(49N*1 )2CIJ(4,N.P4C) =0. 03CSS 430

CU(3.1 '1 )CU(3,1 ,MC)=CU(3.NC,1)=CU(';,NC.MC)0O. D3CSS 431

C*. *4* *o* O ** 4** ***~~D3CSS 432

C 03CSS 433

C ** PRINT THE INITIAL INPUT DATA * D3CSS 434

125 IPRrNT=I S CALL FIELD I PRINTZ-Z 5 CALL INrEG(o) D3CSS 435

IF (ISTART *EQ. 0) GO TO 725 D3CSS, 436

GO TO 750 03CSS 437

C D3CSS 438
c*** *** *** *** *** *** *~* D3CSS 439

C SECTION 2 D3CSS 440

C THIS SECTION CONTAINS THE MAIN CALCULATION LOOP D3CSS 441

C * ** O *O O *~~D3CSS 442

C D3CSS 443

200 K=K.1 03dSS 444

C D3CSS 445

** COMPUTE DZ AND UPDATE CUP(N.M) AND CP(N) * D3CSS 446
IF (Z .LE. ZCFL1) GO TO 202 D3CSS 447
ZCFL1sZCFL2 S ZCFL2u2.*ZEND D3CSS 448
OUMzFACTOR S FACTORzFACT1 S FACT12OUM 03CSS 449
IDUM=KFAC S KFACaKFACI S KFAC1=IDJM D3CSS 450

IF CICFL -LE. 0) GO TO 203 5 IF (KCFL *LE. 0) GO TO 203 D3CSS 452

ICFLzICFL.1 S IF (ICFL *GT. KCFL) ICFL=O D3CSS 453

FAC.FACJMP D3CSS 454

203 DZ=FAC.OX/CFL D3CSS 455

IF (OZ *GF. I.E-04) GO TO 205 D3CSS 456

WRITE (6.39Q0) S CALL SAVE(DUM*DUMDUM) 03C55 457

3990 FORMAT(lH1,*OZ IS LESS THAN 1.E-4 - STOP --- * 03CSS 458

205 IPRINT=O S ZZ=Z.DZ 03CSS 459

208 IF UITARGET *GT. NTARGET) Go TO 21n D3CSS 460

IF cZZ *LT. TARGETZ(ITARGET)) Go To 210 D3CSS 461

ITARGET=ITARGET.1 D3CSS 462

IF (TARGETZUITARGET-1)-Z *LE. 0.) Go To 208 D3CSS 463

IPRINT=I D3CSS 464

210 IF (MOO(KIPRCFL) *EQ. 0) WRITE (6.3672) K,DZCFLNCFL.MCFLJCFLgZ 03CSS 465

3672 FORMAT(1H0s*K IS5,I595X.ODZ IS*,IPEIS.7,5X*OCFL IS*,1PE15.7,5X, D3CSS 466

1 *NCFL IS*913,SX,*MCFL IS*.13.5X9*JCFL IS',13#5X9 D3CSS 467

? *7 Iso.1PE15.7) D3CSS 468

IF(HN.EQ.O) GO TO 209 D3CSS 469

C *** CHECK FOR AXIS SHIFT FOR SENT NOSE * D3CSS 470

IF(ZTAN(THETABN-ALNS).LT.8(INT(FLOAT(MC)RPI/PHIO))-CENUF) GO TO 03CS5 471

1 207 D3CSS 47?

IAIl S GO TO 213 O3CSS 473

207 IF (Z *LT. O)ST) GO TO 209 03CSS 474

1A=2 D3CSS 475

213 CALL FIELD 03CSS 476
tIF (IDVAW *FQ. 0) GO TO 212 D3CSS 477

PHIfMC)2PHIO S C(MC)-C(1) S CZ(4C)=CZtI) I CPHI(MC)2CPHI(1) D3CSS 478
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00 11 N=INC D3CSS 479
R(N,MC)=R(N.1) S U(NMC)=U(Nql) S V(NMC)=V(Nl) D3CSS 480
P(N.MC)=P(Nql) S D(NvMC)=D(Nol) O3CSS 481

211 CONTINUE D3CSS 482
212 CALL SHFAXD(IA.NCMCCUCUPoYoGYPZCORRRZ.BPHI) D3CSS 483

ATTACK=ATTA D3CSS '84
GO TO 1S D3CSS 485

209 CONTINUE D3CSS 486
Z=ZZ D3CSS 487

C * CHECK To TURN OFF SECOND ORDER ACCURACY *ee D3CSS 488
IF (Z ,GE. 7MOD10F *AND. ZMODI0r GT. ZmODION) OD1O=0 03CSS 489
IF (Z *GE. ZMOO10F *AND. MODION .Eo. 0) MOI=0 D3CSS 490

C *** CHECK TO TURN ON SECOND ORDER ACCURACY *e D3CSS 491
IF (MO0ION .EQ. -1 0 MOD0=1 D3CSS 492
IF (MOOION .EQ. -1) MODION=1 D3CSS 493
IF (Z *LT. ZMOOION) GO TO 250 S IF (MOOION .EQ. 1) GO TO 250 03CSS 4q4
MOD1ONs-1 S IF (PO1 *EO. 1) M0D1ON=I D3CSS 495

250 DZDxDZeDDX S DZDY=DZ'DDY D3CSS 496
C *e* PREDICTnR UPDATE LOOP e D3CSS 497

DO 740 mp1,MAS D3CSS 498
DO 270 N=29NC D3CSS 499
DO 270 I=1,4 D3CSS S00

270 CUPfloN.M)=CU(INM)*DZ*CUP(INM) D3CSS 501
CUP(11,M)=CU(1,1,M) DZeCUP(llM) 03CSS 502
IF (M *GT. ISWSMO) D3CSS 503

1 CUP(2,1,P)=CU(2,1,M* OZ'CUP(2,,mP) D3CSS 504
CUP(3o,1M)zCU(31,M)ODZ*CUP(391lM) 03CSS 505

280 CONTINUE D3CSS 506
IF (IDYAW -EQ. 1) GO TO 300 D3CSS S07

C 000 SET SYMMETRY CONDITIONS *ee D3CSS 508
00 282 N=29NC D3CSS 509

282 CUP(49No1)2CUP(4,NtMC)=0. D3CSS SO
CUP(3,1 I)=CUP(3,N1MC)=CUP(3,NC,1)=CUP(3,NCMC)=0. D3CSS 511

C D3CSS 512
C*.**..**..**.***.**....*O....*..**..*....4..........*......... . 0 O3CSS 513
C e CORRECTOR-PREDICTOR LOOP 0eee* O3CSS 514
C THIS LOOP SIMULTANEOUSLY CORRECTS ON THE LINE M-I, D3CSS 515
C COMPUTES Z-DIFFERENCES FOR NEW PREDICTOR ON LINE M-29 D3CSS 516
C AND FINDS THE CFL PARAMETER FOR THE NEXT DZ D3CSS 517
C J1oJ2,J3 CORRESPONDS TO M-294-1,M RESPECTIVELY FOR D3CSS 51
C TRANG QUANTITIES. D3CSS 519
C K1.K2 CORRESPONDS TO M-2,M-1 RESPECTIVELY FOR D3CSS 520
C TRANF QUANTITIES. D3CSS 521
C KI CORRESPONDS TO M-2 FOR CF AND CE VECTORS D3CSS 522
C BASED ON CORRECTED VALUES. D3CSS S23
C K2 CORRESPONDS TO M-1 FOR CF AND CE (BASED ON D3CSS 524
C CORRECTED AND/OR PREDICTED VALUFS). D3CSS 525
C JI*J2 CORRESPONDS TO M-2 FOR CG VECTOR BASED ON D3CSS 526
C CORRECTED AND PREDICTED VALUES RESPECTIVELY. D3CSS 527
C J3 CORRESPONDS TO M-i FOR CG VECTOR BASED ON D3CSS 528

* C PREDICTED VALUES. D3CSS 529
300 J=I S J2=2 S J3z3 S KI=1 S K2=2 D3CSS 530

M=MCM2S S MR0 D3CSS 531
CFL=0.0 03CSS 532
TBZZO=BZZO(MA) S TBZPHIO=BZPHIO(MA) D3CSS 533
TBPPO=BPHPHO(MA) O3CSS 534
DO 600 MT=IMCP2 D3CSS 535
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MM2=R 5MMM M~.1 3CSS 536

IF (M .*NE. mC) CIO TO 310 S IF (MCM2S FQ0. 0) Go TO 310 D3CSS 537

M= O3CSS 538

310 K(KK S K1=K2 S K2=KK D3CSS 519

jj~jl S jl~j? S J2=J3 S J3=JJ S IICz11P=4 D3CSS 540

IF (MT *L
T
. MCP) GO TO 320 D3CSS 541

IF (M .NE. mCP) GO TO 315 D3CSS 542

IIC=3 S GO TO 345 D3CSS 543
315 IF (M EFQ. 1) GO TO 320D3S 54

IF (w E~Q. ?) GO TO 317 O3CSS 545

IP3D3CSS 546

C *** COMPUTE CG VECTOR AT '=1.OY USING SYMMETRY CONDITIONS ~' D3CSS 547

CALL TRANG(YMCP.MCPJ2) D3CSS 548

CALL EVALSY (OUM.MA.J1 .J2,42,DUM) D3CSS 549

GO TO 560 03CSS 550

C *** COMPUTE CG VECTOR AT Y1j (USING CORRECTED VALUES) *.D3CSS 5151

317 CALL EVALPR (OUM.1#DUMJ2,J2.DUM) D3CSS 552

GO TO 560 D3CSS 5S3

320 CALL TRANG(Y(m),MJ3) D3CSS 554

PHI(M)=THETA*PHIo 5 GY(M)=TG4(J3) 03CSS 555

IF (MT .GT. MC) GO TO 345 D3CSS 556

IJUmp(M)z0 S BZO(M)=BZ(M) S BPMIO(M)=BPHI(M) O3CSS 557

CALL BOOY(M) S CALL BODYP(M9J3) D3CSS 558

BZZO(M)=BZZT(J3) S BZPHIO(M)ZBZPHrT(J3) S RPHPHO(M)=BPHPHT(J3) 03CSS 559

IF (MT *LT. MC) GO TO 325 S IF (M *EQ- MC) GO To 325 D3CSS 560

GO TO 345 D3CSS 561

325 COSPHI(M)SCOS(PHI(M)) S SINPHI(M)zSIN(PHI(M)) D3CSS 562

ICHECK=O D3CSS 563

CALL 0ECOOE(MvCUPoJ39NCMAXtMCMAX) 03CSS 564

C *** CORRECTOR FOP SHOCK SHAPE *** 03CSS 565

C(M)=CU(IPNC,M)z.5(CU(I1NCMV*CUP(INCM)DZ(CZ(M) D3CSS 566

1 -YZ(J3)*CPHI(M)/YPHICJ3))) D3CSS 567

IF (MT *GT. 3) GO TO 345 D3CSS 568

IF (M *NE. 3) GO TO 330 D3CSS 569

IrP=3 5 GO TO 345 03CSS 570

330 IF (M .NE. 2) GO TO 60n D3CSS 571

IF (mT *EQ. 2) GO TO 335 D3CSS 572

C ' COMPUTE CG VECTOR AT Y=-OY (I.E.# Y=1-nY) 0 3CSS 573

C ** NOTE THAT THE CALL TO TRANF IS TO O8TAIN P(N.NC-1) ONLY 0' 3CSS 574

CALL TRANF(MAJ1,K1) O3CSS 575

CALL EVALPR(DUM*MA90UNJ,J2DU4) 03CSS 576

8Z(MA)m8ZO(MA) S BPMI(MA)uSPHIO(MA) 03CSS 577

BZZO(MA)zTB7ZO S BZPHIO(MA)=TBZPHIO O3CSS 578

BPHPHO(MA)=TBPPO D3CSS 579

GO TO 345 D3CSS 580

335 IIC=3 D3CSS 591

C *0* COMPUTE CG VECTOR AT Y=-DY USING SYMMETRY CONDITIONS * D3CSS 582

CALL TRANG(YO90,J1) D3CSS 583

C THE FOLLOWING CALL IS TO FINJD P(N*21 ONLY **D3CSS 584

CALL TRANF(P9J3,KI) D3CSS 585

CALL EVALSY(OUM92,J2,JIvJZ.DUM) 03CSS 586

345 CALL TRANF(M89J2,K2) 03CSS 587

CALL EVAL(IM8,K2,J29J39K2) D3CSS 588

D0 400 N=2,NA S NP=N*ICP 03CSS 589

00 400 Isl*Iic O3CSS 590

CU(IqNM8)=.5(CU(INMB)CUP(IN,MR) D3CSS 591

I -(CF(INPK2)-CF(INP-1K))fZx D3CSS 592
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-(CG(I.N.J3)-CG(I.NJ?))@OZDY-D7@CE(I.N.K2)) 03CSS 593
400 CONTINUF D3CSS 594

C ** CORRECTOR FOR WALL POINTS *00 D3CSS 595
CALL WALL (mRJ3,J2,J2.(2. 1) D3CSS 596
CU(1,1,mR)=.5*(CU( 1IlmA).CUP( 1.1.MQ .07007) 03CSS 597
IF (MR8 LE. ISWSMO) GO TO 420 D3CSS 5919
CU.1O.4Bl.5.CU2.1.'AR) CUPI2,lmR) .O7* 7) D3CSS 599
GO TO 425 D3CSS 800

420 CU(291#P4A(SZ D3CSS 601
425 CONTINUE 03CSS 602

IF UIIC *EQ. 4) CU(3,1,48).*CU31MR.CUP(3,1,m8.DOoV2Z) D3CSS 603
C 0*CORRECTOR FOR SHOCK POINTS *.D3CSS 604

CALL SHOCK0(4,J3*J2.J2.K2.1) D3CSS 605
CU(?,NC.MpI)=.5*(Cu(2.NCMRP .CUP (2.NrMR) .flZDCZ7) D3CSS 606
iF(IIC.EQ.4) CU(3,NC.MR3=.5*(CU(3NC,MRp.CUP(3,hIC.MR) .OZ0DCPHZ) D3CSS 607
0UP4=CZ(M8) S DUMCP=CPmI(mol 03CSS 609
ICHECK-1 D3CSS 609
CALL DECODE(m CU,J2#NCMAX,MCMAX) 03CSS 610
B9=8(mg) S C dEP=CZ.4R) s CMQ8=C(MR)-BR 03CSS 611
ODC8S (DIM-CZM9P /CMBB 00 D3CSS 612
CPHIMB=CPHI pMBp S DOCPB=0DUPCD-CP".IMRp/CMSR D3CSS 613
IF (IJUMP(MR) .EO. 1) GO TO 435 03C55 614
DDBP=DOBZ=O. S GO TO 440 D3CSS 615

435 DUMI=BZ(MB) S DUM2=BPH1 (MB) D3CSS 616
BZZ=BZZT(J2) S 9PHPHI=BPHPHT(J2) S RZPNT=1:ZPHIT(J2) 03CSS 617
BZ(NS)*BZT(J2J S BPHI(h8)-BPHIT(j2) D3CSS 618
CALL BO0YPPP4BJ2) O3CSS 619
DUMmzDUM2-BPHI (MB) S DELBPzDUMM/48 SB D3CSS 620
DO8P=OU'4M/CMBB S DELBZzDUNI-BZ(48) S D08ZzO)ELBZ/CMSB D3CSS 621
CALL JUMP(DFLBPoDELBZ*MB) D3CSS 622
CU(2,19MB =SW (MB) 03CSS 623
CU(1,1.M8)=ALOG(P(1,MRH) D3CSS 624
CU(3,1,mB)=V(1.'8).BPHI(mB)0U(1,ms),8(M8) D3CSS 625

C ** UPDATE TRANF QUANTITIES USING CORRECTED CZ AND CPHI * D3CSS 626
440 00 450 N*1,NC O3CSS 627

XIRN=AR(N,F(2) S DSX=R(N.m8)-BMB S DSXI=DSX-CmBB D3CSS 629
XZ(NK2)=XZ(N.K2)*XRN0(DDCBODSX.ODRZ*DSX1) D3CSS 629
XPHTCN.K2)=WPHipNK2)-XNI0SXIDDP-DSXOnDCPB) D3CSS 630
TF6(NK2)=TF6(NK2) .DDRZ-DDCR D3CSS 631
TET (N9K2) =TF7 (N,K2) .DDSP-DDCPB D3CSS 632

450 CONTINUE O3CSS 633
CALL EVAL(0.M8,K2,J29J2,K2) 03C55 634

C 0*0 COMPUTE Z DIFFERENCES FOR PREDICTOR 03CSS 635
C *** NOTE THAT CP AND CUP STORE THESE QUANTITIES * D3CSS 636

IF (M4 EO. ?) GO TO 600 D3CSS 637
560 0O 590 N82NA S NP=N#IPC D3CSS 638

DO 980 r11.iip D3CSS 639
CUP(I.N,MM2)=-(CF(INP,Kl)-CFINP-1,KI()0fOX D3CSS 640
1 -(CG(INj2(-CG(1,NJl) )000Y-CE(IN.KI) D3CSS 641

*580 CONTINUE 03CSS 642
fIF (MODION .EQ. -1) P4001=1 D3CSS 643

CALL WALL(M*42,J2vJ1,J1,KI90) D3CSS 644
IF (P4001W .EQ. -1) P4001:0 D3CSS 645

CUPt 1,1*M2)=PZ S CUP(391,MM2)=V2Z D3CSS 646
CUP(291.P4M2)zSZ 03CSS 647
CALL SHOCK(MM2.j29jIj1 ,K1,0( 03CSS 648
CUP(1,NCtMMP)=DCZ S CUP(29NCM.42)=DCZZ I CUP(3,NCqMM2)=DCPHZ D3CSS 649
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600 CONTINUE D3CSS 650
IF (ISWOIF .EQ. 0) GO TO 604 D3CSS 651
IPC=1-IPC S ICPC!PC S BJu-BJ 03CSS 652

604 CONTINUE D3CSS 653
C******..*.**....e.....**.*e......e....eee.ee.......D3CSS 654

C D3CSS 655
C ** OUTPUT - FORCES - MOMENTS 0* 3CSS 656

IF 04CM2S .EQ. 0) GO TO 610 03CSS 657
PHI(MC)zPHIO S C(MC)zC(l) S CZ(4C)=CZ(1) % CPHI(MC)mCPHI(l1 03CSS 658
00 605 N*19NC D3CSS 6S9
R(N.MC)uR(N.1) S UINtNCmzU(Nol S V(NtMC~xV(Nol) 03CSS 660
W(N*MC)UW(Nol) S P(N*MC)aP(N,1) S O(No"C)*D(Nol) D3CSS 661

605 CONTINUE 03CSS 662
610 IF (PRINT *EQ. 1) GO TO 675 03CSS 663

IF ((Z-PRINTZ) *GT. DZPRINT) GO TO 670 03CSS 664
00 625 1.1.5 D3CSS 665
IF (Z *LT. ZPRINTEI)) GO TO 650 03CSS 666

625 CONTINUE 03CSS 667
GO TO 700 D3CSS 668

650 IF (MOD(K*KOUT(I)) .NE. 0) GO TO 700 D3CSS 669
670 IPRINT21 D3CSS 670
675 CALL FIELD S PRINTZUZ D3CSS 671

C O3CSS 672
C ACH IS THE MACH NUMBER D3CSS 673
C ATTA IS THE ANGLE OF ATTACK D3CSS 674
C CONE IS THE SHOULDER ANGLE D3CSS 675
C K IS THE STATION NUMBER D3CSS 676
C NC IS THE NUMBER OF POINTS IN RADIAL DIRECTION 03CSS 67
C MC IS THE NUMBER OF PLANES IN TANGENTIAL DIRECTION 03CSS 678
C Z IS THE LENGTH ALONG BODY AXIS D3CSS 679
C PHI IS THE ANGLE OF PLANE IN TANGENTIAL DIRECTION 03CSS 680
C CZ IS *TANCSIGMA) D3CSS 681
C CPHI IS -TAN(DELTA) D3CSS 682
C INDEX 1 MEANS FLOW VARIABLES ON THE PODY 03CSS 683
C INDEX NC MEANS FLOW VARIABLES ON THE SHOCK D3CSS 684
C D3CSS 695

700 CALL INTEG(1) D3CSS 686
725 WRITE (16) NCMCATTA,'VAWACHGAMMA.PINFOINF.PHIO.K.Z O3CSS 687

A ,NGASNTEST*RRX D3CSS 688
1 .FN.FYFAMX,MYMZFNZFYZFAZMXZMYZMZZ 03CSS 689
2 ,(PHI(P)C(M)CZ(Mh.CPHI(M).Mulmc) 03CSS 690
3 ,((R(NM),U(NM)oV(NM),W(NM),-P(N*M),D(NtM)tM*I*MC)gN*19NC) D3CSS 691

750 IF (Z *LT. ZEND *AND. K *LT. KA) GO TO 200 03CSS 692
IF (IPRINT *EQ. 0) CALL FIELD D3CSS 693
WRITE (17) NC.MC.ATTAtYAWACHGAMMAPINF.DINFPH1O.K.Z 03CSS 694

A ,NGAS.NTEST*PRX D3CSS 695
1 ,FNFYFA.MX*kqYMZFNZFYZFAZMXZMYZMZZ 03CSS 696
2 *(PHI(M).C(M),CZ(M),CPHI(M)MU1,MC) 03CSS 697
3 *((R(N.M),U(NM4),V(NM),WCN.M),P(NNA),fl(N.M),mzlM"C),Nz1NC) D3CSS 698

CALL OUT S STOP S END D3CSS 699
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SUBROUTINE RODYP(m,J3) BODYP 2
C BODYP 3
C BODYP COMP~ITES CERTAIN BODY PARAMETERS NEEDED IN BODYP 4
C SURROUTINE WALL. THIS ROUTINE ALSO TESTS FOR DISCONTINUITIES BODYP 5
C IN 8Z AND RPM!. BODYP 6

C J3=19293 IS A LINE INDEX FOR BODY PARAMETERS BODYP 7
C BODYP

COMMaON NC.MCKPINFDINFPH1OIDYAW,PI ,RAn NEWCOM 1
COMMON YZ(3),YPHI(3),C(25),CZ(25),CPHIC25).P(2l.25) NEwrom 2
COMMON D(20,25),P120.2S),U(20925),V(20,2S),W(20,25),ASQ(20.25) NEWCOM 3

COMMON CU(4920,25),CUP(4,2092S)NEC1 4
C *** END OF RLANK COMMON *** CD3CSS 32

COMMON /C8OOY/ ZBZZBPHPHIBZPITANCODELZ CRonY 2
1 .PHI(25),842S),8Z(25),8PHI(25)#COSPHI(PS),SINPHI(25) CRODY 3
COMMON /CBOflYP/ DZPHIIJ.PH12J.BZT(3),BPHIT(31.RZZT(3) CBOnYP 2
1 *BPHPHT(3)98ZPHrT(3)9BZO(25),BPHIO(25)oRPHPHO(25)gBZPHIO(25) CBoflYP 3

2 98ZZO(25) CBODYP 4
COMMON /SLK03/ ICFLA2(3),A3(3),A4(3),A5(3),AT(3) BLK03 2
1 *IJUMP(25),1JUMP1(25),IJMPKT(25) BLK03 3

C BODYP 10
SZM=BZTCJ3)zBZ(M) S BPHIT(J3CB8PHI(M) BODYP 11
BPHPMT(j3)zRPHPHI S BZPHIT(43)=BZPHI S BZZT(J3)=BZZ BODYP 12
BZOM=BZO(M) S BZPtIOMUBZPHIO(M) 4 ODYP 13
TEST1zAMAXI(ABS(BZZ),ABS(BZZO(M))) S TESTI=ABS(BZM-BZOM)-DOTESTI BODYP 14

TEST2zAMAX1 (ABS(BZPHIC ,ABS(BZPHOM)) BODYP 15
TEST2zABS (8PM! CM) -SPHIO CM)) -DZ*TEST2 BODYP 16
IF (TESTI *LE. 1.E-6 *AND. TEST2 -LE. I.E-6) GO TO 200 BODYP 1T

C *** IF (P1414 *LT. P111(M) *LT. PH.12J) THEN NO JUMP *BODYP 18
IF (P141(M) *GE. P1412J) GO TO 10 BODYP 19
IF WHI4M *LE. P111) GO TO 10 BODYP 20
ICFL21 S IJUMPI(M)=2 S GO TO 200 BODYP 21

10 @Z(M)=BZOM S BP14!(M)=BPHIO(M) S IJUMP(M)1l BODYP 22
SPHP14IaBPHPHOfM4) S BZP14I=BZPMOM S BZZ28ZZO(M) BODYP 23
ENTRY SODYPP BODYP 24

200 Bm:R(M) S 87M=BZ(M) S PH!Z=-YZ(J31/YPHI(J3) BODYP 75
RPO9=RP4I(MC/9M S 8PO82=8POR**2 s ouml.*R740*2 BODYP 26
A22=DUM#BPOR2 S OUM1=(PPHI/.BM-8P0R2) BODYP 27

DUM?=(BZZOBZPHI*PHIZ)/OUM S OUM3=BZPtII/RM BODYP 2
DUM4=DUM3-B ZM*BPOB/BM BODYP 29
A2(j3)=SORT(A22) S A3(J3)=DUMI/YPHI(J3) SODYP 30
A4(j3)*DUM4*PHIZ*DUM1 S AS(J3l=BZPHI/YPHI(J3) SODYP 31
A7 (j3) ZOUM2*DUM BODYP 32
RETURN BODYP 33

END BODYP 34
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SUHQOUTINE DECODE (M.CV,JNDIMMOIMI DECODE 2
c DECODE 3

C DECODE FINIrS FLOW VARIABLES FROM THE CONSERVATION VECTOR, CV. DECODE 4

C THIS VFRSION ASSUMES THAT CV(1,lM)2L00(P)o CV(2919M)So DECODE 5

C Cv (3.lM) =V2-V. (BPHI/4)*U DECODE 6

C CV(19NC.M)sC CV(29NC.M)=CZ CV(I*NCoM)=CP1I DECODE I

C THIS ROUTINE CONTAINS SELECTIVE SMOOTHING, OF CONSERVATION DECODE a

C VECTOR WHEN DECODED PRESSURE IS NEGATIVE. DECODE 9

C NOTE THAT CV IS EITHER CU OR CLIP AS THE DECODE 10

C SEQUENCE IN THE MAIN PROGRAM ISIDICATES DECODE 11

C J~i.2.3 IS A LINE INDEX FOR BODYP PARAMETERS DECODE 12

C DECODE 13

COMMON/RGASS/AX,HX,TX.RRXGE.NTESTNGAS.NFIRST DECODE 14

COMMON NC.MC.K,PINFDINFPHIO, IDYAWPI.RAl NEWCOM 1
COMMON YZ(3J,YPHI(3),C(25),CZ(25),CPHI(25I,R(20.2S) NEWCOM 2

COM4ON 02020.25(02)U(202)V(202),W(20.2S).ASQ(20,2SI NEWCOM 3
COMMON CU(4.2092S),CUP(4920925) NEWCOM 4

C *** END OF PLANK COMMON ** C03CSS 32
COM4MON /CDECOOE/ GFFGG.GIM1,HINFV1INFV2TNFWINXDINF2 COECODE 2

1 ,ICHECK. XIKINEG*X1K1NP2,GC (20.2SI COECODE 3

COMMON /CBOOY/ ZoBZZ98PHpHISZPHITANCODELZ CBODY 2
I ,PHI(2S).8(25)98Z(25),8PHI(251,COSPHT(25)*SINPHI(25) CBODY 3

COMMON /BLKn2/ ZHETA#DYoTG4(3),TGS(3),TG6(3) BLK02 2

1 *X(20)oXZ(2092),XR(20*2)oXPHI(2092)oY(25) BLK02 3

2 *TF4(20.2),TF6(20*2)oTF7(2092) BLK(02 4

COMMON /BLK03/ ICFLA2(3),A3(31,A4(31,AS(31.A7(3) 8BLK032
I *IJUMP(25),IJUMPI(21,IJMP(T(25) L03
COMMON /811(04/ GAMMA.68,GDGE,6A2,DDXDDYHOT2,ELIM.LCNTISWSMO.NA 81LK04 2

1 .SW(2S).GM(20925) OLK04 3

C DECODE 16

DIMENSION CV(49NDIMomorM) DECODE 17

U32CV(3,,m) DECODE 18
SWIW)xSwm=CV(2.19M) DECODE 19

Tl=RZCM) S T2=BPHI(MP/R(M) I T3xl.*T2*02 DECODE 20

IF CCV(1,1,m) .GT. -600. .AND. CV(191smI *LT. 700.) GO TO 2001 DUMP 5
WRITE (6934q6) MCV(1,19m) DUMP 6

3456 FOR\.AT(jHl,.IN SUBROUTINE DECODE THE LOG OF PRESSURE ON PLANE*,13, DUMP 7
1 * ON T..F 3ODY IS*.1PE15.6*5X,0-- STOP -- DUMP 8

CALL SAVE(OUMDUM*DUM) DUMP 9

2001 CONTINUE DUMP 10

P(I.M)=PMEPCV(1,loMfl DECODE 21
CALL RGAS(Pm.DmtSWM,5) DECODE 22

0(1 .M)=OM DECODE 23
£50(1 M) :AXOAX DECODE 24

050=H0T2-2.*HX DECODE 25

CDUmP2OSQ*T -U 3*U3 DUMP 11

IF (CDUMP .rE. 0.) GO TO 1001 DUMP 12
CALL DMPSORT(6HDECODE,1,ZKM1,CDI)MP) DUMP 13

1001 wm-SOPT(CDU%4P)/A2(J) DUMP 14
IFINTEST.GE.0)GD TO 18 DECODE 27

GMT*1./(1.-OM/(DMONX)) DECODE 28

GM (1 M) uGMT DECODE 29

18 W(1,MIWM DECODE 30

V(1.MI=VMz(uj3-T?*T1*WM)/T3 DECODE 31

*U(I.MIxUmTl*WM*T2*VM DECODE 32

DO 10 N=2*NA DECODE 33

KNT=o DECODE 34
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IF (NTEST)I 1920.20 DECODE 39

C..US E LAST VALUE OF GAMMA AS EST1.4ATE FOP NEW VALUE DECODE 36
19 ICNT=0 DECODE 37

GMT=GM (N.M) DECODE 3
17 GG=GMT*CMT-1. DECODE 3r4

GFF=GMT.1 * DECODE 1.0
20 CONTINUE DECODE 41

U1=CV)1.N.M) SU2=CV(2.N.M) SU21= U2/01 DECODE 42
UNM=U(N.M) =Cv(q.N,M)/Ul SVNM=V(NM)=CV (4*,M) /111 DECODE 43
VK ~i)NM**2#*VNM*0? DECODE 44
PHTsHOT?-VK DECODE 45

CRAPI1U21*U?1 DECODE 46
P$TU=PMT-CHAP 1 DECODE 47
IF(KNT.LT.2)GO TO 32 DECODE 48
XIKINEG=X1KIS S XItKlNPP=XKlKSP2 DECODE 49

32 IFlPHTU ;GT.n.0)G0 TO 91 DECODE s0
IF(N.EQ.NA) WRITE (6.3268) ZNM, DECODE 51
IF(N.EQ.NA)CO TO 91 DECODE 52

3268 FORMAT(IHO..P IS NEGATIVE BUT NOT AVERAGEn *95X.OZN9MI(=**F7.3, DECODE S3

1 3TS) DECODE 54
KNT=KNT.1 S LFCKNT.LE.2)GO TO 34 DECODE 55
WRITE (6.3267) ZvNMK DECODE 56

3267 FORMAT(1H0,.P STAYS NEGATIVE AFTER AVERAGING*,5XZ.*N*MtK 2*9 DECODE 97

1 F7.39315) DECODE 58

IF WNEST -LT. 0) CALL SAVE(DUM9DUMDUM) DUMP 1s
GO TO 91 DECODE 59

34 IF(KNT.EG.1)GO TO 4 DECODE 60
XlK1SzX1K1NEG S XIK1SP2=X1K1NP2 DECODE 61
XIK1NEG=O. S XlKlNP2x2. DECODE 62

4 IF(N.EQ.2)GO TO 5 DECODE 63
DO 6 1=1.4 DECODE 64

6 CV(INM )2(CVU.,N.1,M).X1K1NEG*CV(I.NM).CV(IN-194))/XIKINP2 DECODE 65

GO TO 2 DECODE 66
5 TCU=DM*wM DECODE 67

CV( I 2,m)=(CV( 1.3,M)*XlKlNEOPCV(Z,2,M) *TCI))/XlINP2 DECODE 68
cv?.*2.m)=(rv(2,3,M) 4XlqNEG*CV(2,2.M).PM.TCU*w4)/XlKlNP2 DECODE 69
CV(39294)=(CV(3.3,M) .XIK1NEG*CV(392,M),UM*TCU)/XlK1NP2 DECODE 70
CV (4,2,M)=(CV )4,3,M).XlKlNEG*CV(492.M) .VM*TCU) /XJKINP2 DECODE 71

2 WPITE(6.3273) XIKINEGZNMK DECODE 72
32T3 FORMAT(1H0,*THE CONSERVATION VECTOR IS 1-*,F3.0v*-1,~Xq DECODE 73

1 *ZgNvm*K = *oF7.3*3I5) DECODE 74

GO TO 20 DECODE 75
91 CONTINUE DECODE 76

CRAPP=PHTU/CRAPI DECODE 77

CRAP2=CRAPPOGG DECODE 79
CDUMP1.-CRAP2 DUMP 16
IF (COUmP .GE. 0.) GO TO 1002 DUMP 17

CALL DMPSQRT(6HDECODE,2,ZKMNCDIJMP) DUMP 18

1002 CRAP3SCRAP2/)(1I..SORT(CDUMP))OGFF) DUMP 19
WNMz(1 .-CRAP3) *U21 DECODE 80
PNM*P (N.M) UCRAP3*U2 DECODE 81
ONMzD (NgM)=Ul/wNm DECODE 82
IF(NTEST) 21.22922 DECODE 83

21 CALL NRGASCPN4,DNMqDUMMY#2) DECODE 84
ERR=2.* HX.WNM*WNM-DHT DECODE As

wNMP=WNm DECODE 86
IF(A8SSERR/MX) -ELIM) 23.23924 DECODE 87
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24 IFUICNT)28,16 DECODE 88
C ... QUASIREAL GAS APPROACH FAILS.ITERATE FOR SOLUTION. DECODE 89
C ..... FIRST BRACKFT CORRECT SOLUTION DECODE 90

16 4NMX=WNMI=wNNM DECODE 91
ERRX=ERRI=EQR DECODE 92
GCC=GC(N.M) DECODE 93
WNM=ERR/GCC.WNM DECODE 94
IF(GCC.LT.1.E+99)GO TO 80 DECODE 95
GMT=I./(l.-PNM/(DNM*HX)) DECODE 96
ICNT=ICNT.1 DECODE 97
GO TO 17 DECODE 98

25 ICNT=ICNT.1 DECODE 99
80 IF(wNM.GT.U2U)dNMzU21-1.E-10 DECODE 100

PNM=U2-WN14*U1 DECODE 101
ONM=UI/WNM DECODE 102
CALL HRGAS(PNMDNMDUNmY,2) DECODE 103
ERR2=ERR=2-*HX.WNM*WNM-PHT DECODE 104
WNM2=WNM DECODE 105
IF(ABS(ERR/HX)-ELIM )23923v26 DECODE 106

C.....SOLUTION NOT ACCURATE ENOUGH DECODE 107
26 IF(ICNT-LCNT)28,28,30 DECODE 108
30 WRITE(6,2000)NM DECODE 109

2000 FORMAT(IHI.215,*ITERATION LIMIT EXCEED*) DECODE 110
STOP DECODE ill

28 IF(ERR*ERRI)27,29,29 DECODE 112
C ..... SOLUTION NOT BRACKETED DECODE 113
C ..... EXTRAPOLATE FOR NEW SOLUTION DECODE 114

29 DWNM=(WNM-WNMI)*ERRI/(ERR1-ERR) DECODE 115
IF(ABS(DWNM).GT..OS*ABS(WN))DWNM.0OSABStWNM)eASS(OWNM)/DWNM DECODE 116
WNM2zWNMIDWNM DECODE 117
IF(ABS(ERR).LT.ABS(ERR1))GD TO 79 DECODE 118
WNN=WNM2 DECODE 119
GO TO 25 DECODE 120

79 ERRI=ERR DECODE 121
WNHI=WNM DECODE 122
wNM=WNM2 DECODE 123
GO TO 25 DECODE 124

C ..... SOLUTION IS BRACKETED DECODE 125
27 ICNT=ICNT*I DECODE 126

WNM2zWNMI+(WNM-WNMI)*ERRI/(ERRI-ER) DECODE 127
PNMzU2-WNM2*UI DECODE 128
DNM=UI/ONM2 DECODE 129
CALL HRGAS(PNMDNMDUMMY2) DECODE 130
ERR2=2.HXWNM2*WNM2-PHT DECODE 131
IF(ABS(ERR2/HX)-ELIM)23,23,42 DECODE 132

42 IFiICNT-LCNT)43,43o30 DECODE 133
43 IF(FRR2*EPR)44,44 45 DECODE 134

C....WNM2 AND WNM BRACKET SOLUTION DECODE 135
44 WNMI=WNM2 DECODE 136

ERRI=ERR2 DECODE 137
GO TO 27 DECODE 138

C ..... WNM1 AND WNM2 ARE BRACKET POINTS DECODE 139
45 WNMzWNM2 DECODE 140

ERR=ERR2 DECODE 141
GO TO 27 DECODE 142

C ..... CONVERGENCE ACHIEVED DECODE 143
23 GM(N.M)zGMT=I./Il.-PNM/(DNMOHX)) DECODE 144
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IF (ICNT .(;T. 1) CC(N.m=(EPR2-ERX/(WNMX-WNM?) DECODE 145

w(IN.M)=wNw? DECODE 146

P(N.*)=PN DECODE 147

0 (N.M)=nN DECODE 148

iFlTf"E-K-e,.l)CALL ARGAS(PNMONMOAX2,1) DECODE 149

GO To 1,- DECODE 150

22 CONTINuE DECODE 151

AX 2=GA MUA *PN M/ON M DECODE 192

w (N.N4)=oNm DECODE 193

10 ASQ(N.)-AX? DECODE 154

C DECODE 155

C SHOCKh jHAPE AND THEREFORE V FREE STREAM APE K~NOWN. DECODE 156

C PRESSURE, ANn DENSITY APE CALCULATED FRO4 SMOCK RELATIONS. DECODE 197

C DECODE 158

UINX=(V~INrFCOSPHI(MV2INFSNPHI(m)) DECODE 159

VINX=VltNF~qINPHlI(m)-V2INF*COSPHt(m) DECODE 160

CMA=C(M)=CV(T,NC.M) S CZM=C2(H)=CV(2,NC.M) DECODE 161

CPH1~4=CP"I()=CV(3qNC.m) S CPHC=CPHIM/CM DECODE 162

DM'J?=CZm*-2.CPHC*2-1 DECODE 163

CVNmlj=WINX-CZM-U INX.VINX*CPHC DECODE 16'-

CVN','CVNMU*?2/okMU2 DECODE 165

1F(NTEST.C'E.0)GO TO 48 DECODE 166

ICNT=O DECODE 167

GMT=Gm(NC.m) DECODE 168

85 GE=(GMT-..I. DECODE 169

GD=(GMT-1.*) -. 5 DECODE 170

GAMMA=GMT DECODE 171

C..CONSTANT GAVMA FORMULAS DECODE 172

48 CDUmP-CVN2(CVN?DINF2.RNFDINF(2.8S.GGD/GIMI)) DUMP 20

1 *PINFOPINF*GAMMAOGAMMA DUMP 21

IF (COU%4P *GE. 0.) GO TO 1003 DUMP 22

CALL Ddp9QS(4T(6MOECODE.3,ZKMNC.CDUIMP) Dump 23

1003 PNN4- RINF*G!NF*CVN2.SQPT(CDUMP))/(2.*GE) DUMP 24

ONMirl.FCVN?/(CVN2?(PINF-NM)/1NF) DECODE 175
DECODE 176

I F .5 ).o DECODE 177

F ,A[ DECODE 178

91 CALL A~~.~MDJM.)DECODE 179

SN2=CVN2?0fNF2/(ONM-ONM) DECODE 180

OCH-3. 0GN? DECODE 181

ERR=(HX-HINw)9?.-SN2-CVN2 DECODE 182

IF(AHSI9'R/A)-FLIm)52,52953 DECODE 183

C..NOT ACCO PATr ENOUGH DECODE 184

53 tF(TcrNqq..A DECODE 1R5

al cmT./1j.-PNm/9NUm*X)) DECODE 186

rCNTr CCNT I DECODE 187

CVTNj=SN? DECODE 188

ERR 1 FRQ DECODE 189

GO TO '3r, DECODE 190

54 ICNT=ICNT-1 DECODE 191

rDUMP=CVN2/CVTN DUMP 25

IF tCDUmP .GE. 0.) GD TO 1004 DUMP 26

CALL DNPSORT(6HDECODE,4,ZS,9MNCCDU)MP) DUMP 27

1004 DNM4zDINF*SQQT(COUMR) DUMP 28

PNMPIPNF.OINF*CVN2*(1.-DINF/DNM) DECODE 193

CALL -"RGAS (PNM.ONM.OUMMY,2) DECODE 19'

ERQ1 =2.*(HX-.HINF) .CVTN-CVN2 DECODE 195
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IF(ABS(ERRl/HX)-ELIMS2,S2,S8 DECODE 196
58 IF(ICNT-LCNT)55,55,57 DECODE 197
57 WRITE(6*2003)N DECODE 198

STOP DECODE 199
2003 FORNATI1HI,*LIMIT ON SHOCK ITERATIONS EXCFEDED.,I5) DECODE 200

55 IF(ERRI*ERR)56,56,76 DECODE 201
C ..... POINT NOT 8ACKETED DECODE 202

76 DCVN=(SN2-CVTN)'ERPI/(ERRI-ERR) DECODE 203
IF(ABS(DCVNi.GT.ABS(3..DCH))DCVN=3..DCHARS(DCVN)/DCVN DECODE 204
CVTP=CVTN+OCVN DECODE 205
IF(ABS(ERR).GT.ABS(ERRI))GO TO 78 DECODE 206
SN2=CVT2 DECODE 207

GO TO 54 DECODE 208
78 SN2=CVTN DECODE 209

ERR=ERRI DECODE 210
CVTN=CVT2 DECODE 211
GO TO 54 DECODE 212

C....SOLUTION BRACKETED DECODE 213
56 CVT2=SN2(CVTN-SN2).ERR/(ERR-ERql) DECODE 214

ICNT=ICNT.1 DECODE 215
CDUMP-CVN2/CVT2 DUMP 29
IF (CDUMP *GE. 0.) GO TO 1005 DUMP 30
CALL DMPSORT(6HDECODE5,oZKMNCtCDUMP) DUMP 31

1005 DNM=DINF*SQRT(CDUMP) DUMP 32
PNM=PINFODINF*CVN2e(I.-DINF/DNM) DECODE 217
CALL HRGAS(PNM9DNMoDUMMY,2) DECODE 218
ERRNz2.e(HX-HINF).CVT2-CVN2 DECODE 219
IF(ABS4ERRN/HX)-ELIM)52,5261 DECODE 220

61 IF(ICNT-LCNT)29,62958 DECODE 221
62 IF(ERRN*ERR)68969,69 DECODE 222

C ..... ERR AND ERRN BRACKET THE SOLUTION DECODE 223
68 CVTN=CVT2 DECODE 224

ERRI=ERRN DECODE 225
GO TO 56 DECODE 226

C ..... ERR AND ERRN RRACKET THE SOLUTION DECODE 227
69 SN2=CVT2 DECODE 228

ERR=ERRN DECODE 229
GO TO 56 DECODE 230

C .... CONVERGENCE ACHIEVED DECODE 231
52 GM(NCM=I./(I.-PNM/(DNM*HX)) DECODE 232

CALL ARGAS(ONMDNMtAX2,1) DECODE 233
50 CONTINUE DECODE 234

XLCA=CVNMUO(1.-DINF/DNM)/DMU2 DECODE 235
UNM=U(NC#M)=UINX.XLCA S VNMzV(NCoM)zVINX-XLCAeCPHC DECODE 236
WNMzW(NCM)=WINX-XLCAOCZM DECODE 237
P(NC*M)=PNM DECODE 238
D(NCvM)=DNM DECODE 239
ASQ(NCoM)=AX2 DECODE 240
RETURN DECODE 241
END DECODE 242
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SUH)OU1'INF FVALCL ,M.IT.JSG,.JCG.JCFCr) EVAL 2
C EVAL 3

C EVAL COMPUTES FLUX AND SOURCE VECTORS CF.Cr,,CF EVAL 4
C FROM FLOm vAFRIAHLES, TPANG AND TRANF QUANTITIE,. EVAL 5
C EVAL ALSO COMPUTES CFL PAPAMETERP. EVAL 6
C IF L=O EVALUATE FUNCTIONS AND CHECK CFL (PPEDICTOP) EVAL 7

C IF L1l EVALUATE FUNCTIONS (CORRECTOR) EVAL 9
C IT=i.2 IS A LINE INDEX FOR XZ.XPXPHI*TF4,TF59TF69TF7 EVAL 9

C JSr=1,2.3 IS A LINE INDEX FOR P"t.YPMI.Y7.TG4.TG5,TG6 EVAL 10
C JC'3,JCFCE ARE LINE INDEXES FOR CG AND (CF.CE) RESPECTIVELY EVAL 11
c EVAL 12

COMMON NC.MC,K .PINF.DINF ,PH10IIYAW.PI ,RAD NEWCOM 1
COMM4ON YZ(3,,YPHI(3),C(25).CZ(25),CPHiI(?5),P(20925) NEWCOM 2
COMMO0N O(?O.25).P(20.2S),U(20,25)oV(20,25).W(20,25),ASQ(?0.25) NEWCOm 3
COMMON CU(4.?O.25) ,CUP(4.20*25) NEkWCOM 4

C ** END OF RLANK COMMON *** CD3CSS, 32
COMMON /CEVAL/ NCFL .UCFL ,MCFL ,CFL ,RJ CEVAL 2
COMMON /CPODY/ Z.BZZ,8PHPHI,BZP1,TANCO,OELZ CBODY 2
1 .PHI(25).I3(?5),BZ(25)vBPHI(25).COSPHI(P).SlPHI(25) CBODY 3
COMMON /9LKfl1/ CZY(3ICPHIY(3).V2(3),VOWY(3).PWY(3),SWY(3) BLK01l
1 *UNOP(3,?).CF(4,2092),CG(4-20*3),CE(49PO,2) BLK01 3
COMMON /BLK02/ THFTAOY,TG4(3)*,T05(3),TG6(3) BLK02 2
1 *X(229,XZ(2092) .XR(2092).*XPHI 120.2) ,Y(25) BLK02 3

2 *TF4(20,?),Tr6(2O,2).TF7(20,2) BLKn2 4

COMMON /RLK04/ GANMA.G8.GDGE.GA?,D)DXoDYNOT2.ELIM.LCNT, ISWSMO.NA BLK04 2
1 *SW(25).GM(20.25) 13LKO4 3
CZY(JCG)=C2 (M) S CPHIY(JCG)=CPHI (M) EVAL 14

C EVAL 1s
YPHIJ=YPHI(,jSG) S YZJ=YZ(JSG) S TGSJ=T65(JSG) EVAL 16
DO 10 N=1.NC EVAL 17
UNM=U(N.M) S WNM=W(N,M) S PNM=P(NM) S VNM=V(NoM) EVAL 18
ONM=01N.M) S RNm=R(N.M) S XZN=XZ(NgIT) S XPN=XR(NeIT) EVAL 19
XPHIN=XPHIIN*ITI S TF4N=TF4(N.rT) S TF6N=TF6(N,IT) EVAL 20
TF7-1=TF7(N. rT) EVAL 21
YPjUP=YPNt.j/ )NM SXPOR=XPHIN/PNM EVAL 22
VDnkVNM/PNM $ An=XPN*UNM.XPHIN*VOR C AA=WNM*XZNAD EVAL 23
IF (N .LE. 1) .j'(O(N.CFCE)=AA EVAL 24
PqWNMYZj.'P 41J*VOP EVAL 25
XNP=XPN*PNM EVAL 2
IF (N .*NE. 1) GO TO 4 EVAL 27
OWY(JCG)=PNM S VOWY(JCG)=VNM/WNM S SWY(JCr7)=SW(kl) EVAL 29
V2(JCG)=VN#M.AHI(M)*uNM/B(M) EVAL 29

4 CF(I*N,JCFC)=PA=DNM*AA EVAt. 30
CF(?,N*JCFCF)=XZNPNM.RA~wNM EVAL 31
CF(I.NJCFCF)=XPP.NA*UNM EVAL 32
CF(4.N*JCFCF)=XDOR4PNOA.RAOVNM EVAL 33
CG(I.N.JCG) = =Nm*RR EVAL 34
CG(?.NgJCG) =Y/.j-PNM*PR*WNM EVAL 35
CG(I.NJCC,) =PROUNM EVAL 36
CG(49N,JCG) =YPOROPNM*RB*VNM EVAL 37
CE(1.NJCFCE)E1=DN(UNM/RNMTF4N*AATGJ88TF6N*WNM EVAL 38
1 .TF7N*VOQI EVAL 39
CE(?,No JCFCF)WNM*El(TGSJYZJTF4NXZNTF6N)ONM EVAL 40
CE(3.NJCFC)=JNMEIVNMVOP*DNM*TF4N*XPP EVAL 41
CE(4,N.JCFC)=VNMEl(VNMDNM(JNM.PNM EVAL 4;?

1 *(TF4N*XPHIN.TGJYPHIJ.TF7NU)/RNm EVAL 43
5 IF IL FGO. 1) GO TO 10 EVAL 44
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C *. CHECK OF CFL CONDITION * EVAL 45
IF (PNM *LE. 0.) GO TO 10 EVAL 46
AS0N~.4ASQ(N.M) EVAL 47
E TA=.WNM*WNM~-ASONM EVAL 48
DUMI=(ETA*(XRN*XRNXPO**2)AD**2)ASONM4 EVAL 49
YPRR=YPOR*8j % jCFVl EVAL so
DUMP=( (ETA+VNM*VNM)*YPR8**2)*ASQNM EVAL 51
WWX =WNM-AA-ASONM.XZN EVAL 52
WWX>=(WNM*HR-ASGNM*YZJ) *BJ EVAL 53
IF (DUMi *GF. 0.) GO TO 1001 DUMP 2
CALL DMPSORT (4HEVAL91*ZoKqMNtDUMI) DUMP 3

1001 CONTINUE DUMP 4
SIG=ABS(WWXl) ,SQRT(OUMI) EVAL 54
SIG2=ABS(WWX2) .SORT(DUM2) EVAL 55
IF(SIG2.LT.SIG) GO TO 7 EVAL 56
JCF=2 S SIGmSIG2 EVAL 57

7 SIGI=ABS(WWX1.wWuX2) EVAL so
I .SQRT(DU)M1.OUM2.2..ASONMOYPRB'(ETA*XPOP.AD.VNM)) EVAL 59
IF(SIG3.LT.SIG) GD TO 8 EVAL 60
jCF23 S SIGzSIG3 EVAL 61

8 CFLx=SIG/ETA VL 6
IF(CFLX.LE.CFL) GO TO 10 EVAL 63
NCFL=N S MCFL=M S JCFL=JCF S CFL=CFLX EVAL 64

10 CONTINUE EVAL 65
RETURN EVAL 66
ENTRY EVALPR EVAL 67

C EVAL 68
C EVALPR - EVALSY COMPUTES CG VECTOR, WALL VALUES OF Pt V29 EVAL 69
C V/w, S AND SHOCK SLOPES CZ AND CPNI AT PLANES EVAL 70
C Yz-fOY AND Yzl*OY , (EVALSY) EVAL 71
C Yz-DY AND Yal (EvALPR) EVAL 72
C EVAL 73

YZJ=YZ(JSG) S YPHIJ=YPHI(JSG) EVAL 74
CZY(JCG)NCZ(M) EVAL 75
PWY(JCG)=P(I.M) S VOWY(JCG)=V(1.m)/W(1.") SSWY(JCG)=Sw(m) EVAL 76
V2(JCG)=V(1.M).UUoM).RPHI(M)/OCM) EVAL 77
CPHIY (JCG)=CPHI (M) EVAL 78
FACm-1 * EVAL 79
GO TO 15 EVAL s0
ENTRY EVALSY EVAL 81
FACI=DY4TG5TrT) S FAC=(2.-FAC1)/(2.#FAC1) EVAL 82
IF (M *NE. 2) FAC=1./FAC EVAL A3
YZJzYZ(JSG) S YPHIJ=YPHI(JSG) EVAL 84
PWY(JCG)2P)I.M) S VOWY(JCG)=-V(1.A4)OFAC/W(1.M) SSWY(JCG)=SW(M) EVAL 85
V2(JCG)2-(Vd1,4)UM)8PiIM)/CM)).FAC EVAL 86
CZY(JCG)=CZ(H) S CPtIIY(JCG)=-CP-qi(M)eFAC EVAL 87

19 00 ?0 N=19NC EVAL 88
UNM=U(N.M) S PNMNP(N*M) S RNMXR(NgM) S WNM=W(N'4) EVAL 89

*VNM=-V(NgM)OFAC S 802YZJ*WNM#YP41J*VNM/PNM EVAL 90
CG( 1 NqJCG) zR=D(NoM) .88 EVAL 91
CG(29N*JCG)=YZJ*PNM*RS*WNM EVAL 92

*CG(39NJCG)ZR8OUNM EVAL 93
*CG(4,NJCG) =YPHIJ*PNM/PNM.R8*VNN EVAL 94

20 CONTINUE EVAL 95
PETIJRN EVAL 96

*END EVAL 97
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SU49OUTINE JUMP(Dt4P,0ilM8) Jump 2

C Jump 3

C JUMP COMPUTES jumPS CORRESPONDING TO n!SrONTINfoITTES IN Jump 4

C RZ AND/OR HPM. Jump 5

C NOTE THAT THE KEY IJUMPI(M'0(, JSEr) IN SURPOUTINE WALL. JUMP

C IS SET IN THIS SUSPOUTINE JUMP 7
C I~IMP1 MB) 2 MEANS TH4ERE IS NjO JUMP IN PM Jump 1
C =IMEANS THERE IS AN EXPANSION JUMP Jump 9

C = 4 MEANS THERE IS A COMPQFSSION JUMP Jump 10
C JUMP 11

COMMON NC.MC.K.PINF.OINF.PMIO. IiVAW.PI.PAl NFWCOM 1

COMMON YZ(3).YP,.I(3).C(25).CZ(?5),CPHI(251,R(20,25) NEWCOM 2
COM4ON D42O.25),P(2O.2'r),U('0.o25),V(20.25),W(20,25).AS(20.25) NEWCOM 3
COMMON CtJ(4.20.25(,CLJP(4.20.25) NEWCOM 4

C *** ENO OF PLANK< COMMON *00 CO3CSS 32
COMMON ,CBO'JY/ 7,SZZBPHPHI.8ZP-lI,TANCO.DFLZ CBODY 2

1 .PNI(25),8(25).RZ(2q).BPHI(25),COSPHT(?9).SINPHI(25) csonv 3

COMMO0N /PLKn1/ CZY(3) .CPHIY(3) ,V2(3) ,VOWY(3).PWY(3).SWY(3) BLKI~l 2
1 .UNOP(3,?),CF(4,20.?),CG(4t2,3),CE(4?nl.2) BLKOI 3
COMMON /SLKn2/ THETA.flV,TG4(3),TG5C3),TG6(3) BLK02 2

1 *X(20).X7(20,2),XR(20,2),XPHI(20.2).Y(25) OLK02 3

2 *TF~t20.27 .TF6(20*2)9,TF7(20q2) BLK02 4
COMMON /PLK03/ ICFL.A2(3),A3(3),A4(3),A5(3).A7(3) BL~fl

3  
2

1 ,IJ(MP(2;) ,TJUMP1 (25) ,IJMPKT(25) OLK03 3
COMMON /BLKn4/ GAMMA ,GeGDGEGA?0OXDOY.NOT2.ELIMLCNT, ISWSMO.NA BLK114 2

1 .SW(251-GM(20%251 BLK0)4 3
COMMONPGiASS/AXHXTX,PRXGXNTESTNGAS,NFIPST Jump 13

C Jump 14
ICNT=0 Jump 15

EP92=SIN2=0.0 JUM4P 16
DWC=.05 Jump 17
DATA (INT=1P) JUMP is

VW=V(1,v8) 1; PW=P(I.MB) S DW=D(19MM) S WW=W(1,MR) JUMP 19
ASQW=AS(l,mR? % UW=U(3,M8) JUMP 20

- SO=W(MR)JUMP
P~'IlhPHTmI Ml/PAO JUMP 2?
WPITE (,.31n()) VR.PHID.KZ Jump ?3

3100 FO.?mAT(1HO,OJUmP IS CALLED FOP lLANE*I4#,;XoPHI IS*,F7.29 JUMP 24

1 qX.*K IS*,14,5X.*Z IS*91PE15.6) Jump 25
WRITE (6,3110) Jump 26

3110 FOPMATCIH .30)(90THE INPUT VAPIAgLES ARE AS FOLLOWS-) Jump ?7

WRITE (6,31?0) PW.OW,()W.VW,WW.S,ASOW Jump 28

3120 FORuAT(I .'?HP.r0qUg,W,SASO gIP7E1q.5) JUMP 29
WRITE (6.3110) R(m8HR7(MB1.PI(m8),D8PflP7,HOT2 Jump 30

3130 FOPMAT(IH P2HR7,RPHI.DBP-DBZtHOT?,1P6EIS.5) Jump 31
ETAP=87(MR) S SIP=PHIfMPA/qfMq) JUMP 32
ETAU=ETAP.OPZ S SI*M=SIO-fOBP Jump 33
XNPP=1*,ETAP**:).SI0*0? S XNP=SOPT(XNP2) Jump 34
XNM;)=j..ETAm**2.SlIM*? S XNM=SQPT(XNM2) Jump 35
XNMP=1..ETAP*ETAM-SIP*SIM JUMP 36

*DUM?=XNP2*XNM2-XNMP'02 S 0UMmSOPT(0UM2) S xT2=nAPPETAm-SIM*DBZ JUMP 37
XTSDzOP*2OZ**2XT2**2 S XT=SQRT(XTSo) JUMP 38

oT= XT?.UW.19P*WW-DRZ*VW) /XT JUMP 39
OSMi=XNM*(UW-FT4P0WW-SID0VW)/DIJM S AMMSO=QqM**2/ASOW Jump 40
TFT(NPP~4XM*TP*S JUMP '
IF (TEST GOT. n.) GOQ TO 5 JUMP

C JUMP 43
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C TH> FLOW DOES NOT CROSS EDGE F~OM ~!NUS TO PLUS 
C (NO JU"4PS IN P, O, So 0501 
c 

WRfTF: (6,31351 
3135 FOR~AT!IH ••THF: FLO~ DOES NOT CROSS EDGF: IN ~APCHING DIRECTION•! 

!JU,.PI ("4AI=;> 
QSP::OSIA 
GO TO 110 

S T~ETAR=ACOScXN"P/(XNP*XNMII $ CONST:HOT?-OT••~ $ OSQaQSM**? 
THETAD=THETAR/RAO $ A~ACH=SQRT!QSQ/ASOWI 
IF (AI-CMSQ ,r,f. 1.01 GO TO 10 

C ••• SUASONI\. CORNER FLOW !NO JU~PS IN P,Q,S,QSQI ••• 
!JUYPl P~Al =? 
QSP:QSM $ Gn TO 110 

10 r• cOSt-A .LT. O.l GO TO 20 
C ••• SUPERSO~IC EXPANSION CORNER ••• 

WRITE (6.31401 
31'0 FOR,.AT(1M ,;>QX,•SUPF.RSONIC EXPA~SION CORNER WHERE*I 

WRITE (6,31~01 THETAO.AMACH,QT,QSM 
31S0 FORMAT!1H t?2HTHETA,AMACH,QT,Q5~ r1P4El5.51 

CALL ~GASIPW,OIIoOUMMYt41 
VPOVR=SQRT!ASOW/ICONST-?.•HX-ASQWil 
DEL::THETAR/FLOAT!INTI 
DO l 5 I=1d~IT 
CC=o. S PIIO::PW 
D>IC::I)I' 

17 QPQAL~-0~ 0 0SO*VPOVR 

ODO~l=OPOAL/ASQW 

CD=cC•l. 
PW=cPWO+PW*CC•DEL•OPOALI/CO 
OW=cDWO+OW•cc•OEL•OODALI/CO 
CALL AGAS(PW,QW,QUMMYt41 
QSO:::CO~lST-2. *HX 
ASQ\f::rAX•AX 
VPOvR=1./SQOT(QSO/ASOW-l.OI 
CC=r.D 1i IF CCC .LT. 1.Sl GO TO 17 

1 S CO.'H PlUf. 
!CFL=l $ !JIIMP1 (1-Cfl) :3 $ !JMPKT (1A8) =1 
QSP::SQRT!OS0l I GO TO 100 

C ooo SUPERSONIC COMPRESSION CORNER ••• 
20 C0STH2=!XNMP/CXNP•XNMll**2 

IJU~P1!~Al=4 $ !JMPKTI"81=1 
rs.-s .. o=o 
wPITE C~t3J,c,nl 

3160 FORMAT<!~ ,;>OX,•SUPERSONIC COMP~F.SSION CORNER WHERE•l 
'oP!TF. C6t31SOJ THETAOtAMACH,OToQSM 
IF ('JTEST •Lf. Ol GO TO 4000 

C ••• !PERFECT GAS ORLIQIIE SHOCK PELATIONSI ••• 
S!NTH2sl.-COSTH2 
A~4:4MHSO••~ $ ~M22AHMSQ 

Cl:-((AM2+2,l/AM2+GAMMA•SINTH2l S C3=-COSTH2/AM4 
C2:c2. 0 AM2•J,)/AM4+(,25*1GAMMA+l.l••2+(r,AMMA-l,l/AM2l*SINTH2 
OUM,.=Cl/3, ~ A:~C2•0UMM*C1 $ S8=C3-cC2-2o*Cl 0 *2/9,)•0U~M 
ODU4:SQRT(A/3,l S OOU1·4!=2.•00UM 
TEST=-,c;•SAICOOIJMo.3) ~IF !TEST oGEo -1.01 GO TO 25 
WRITE (6,31,<,5) 

3l,C,5 FORMAT!lH •?OX,•NORHAL SHOCK MODE IS USED*l 
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PWO:P\11 ~ T=au2 S GO TO 45 
2: XX=ACOS<TESTl/3. 

Xl=COS<~Xl ~ X?=COSIXX+?.*PI/3.> S X3=COSIXX+4.•PI/3.l 
IF <XI .LT. X2) GO TO 30 S XOUM:X1 1i X1=X2 S X2=Xr>UM 

30 IF tXl .LE. X3l GO TO 35 S SX=X1 S GO TO 41) 
35 IF (X) .LE. X2l X2=X3 'S SX=X2 
40 SINTH2=00UMJ 0 SX-0UMu S T=A~2oSI~TH?. 

G9=GE/GO 
45 P\I:Pifltt((GA2•T-J 0 l/G9) 

Qw:nlfi•(T/IT/G9•1./GEll 
nSP:QSM~SQRTil.-IT-l.Ol*IGAMMA*T+1.)/IT•AM?*GE••2ll 
C~LL RGA51Pw,ow.SWIMBI,41 
ASQI.I:AX<>AX 
IF <TEST .GF. -1.01 GO TO 100 
C0NST=ASQW/CGAMMA-!.Ol•.S•QSP**2 
PIII=>=~•SINTH? 

IF <PW .GT. PWOI GO TO 75 
PIII:PWO $ !..JIJMPII,..Bl=2 5 l..JMPKTI~BI=O 
GO TO 75 

4000 CONTI"'UE 
C ••• REAL GA~ ORLTQUE SHOCX ••~ 

TEST=O.O 
CALL RGASIP~,QW,QUMMYt4) 
WRITE16,300)PW,DW,AX,HX,ASQW,AMMSQ 

300 FORUATilH •~£16.8) 
HXM:zHX 
SINO=SQRTI1.-COSTH2l 
TAND=SIND/SQRT!COSTH2l 
SINl=-DwC•.OOl+SIN11.1SQRT!AMMSQl) 
IFISIND.GE.SIN1lSIN1=SINO+.OOl-DWC 

111 SINl=SINl•OwC 
GO TO 108 

101 SIN!=SIN2-ERR2•1SIN3-SIN2l/IERR3-ERR2l 
lOR COSJ:SQRTil.-SINI•SINll 

CTNJ=CO<;I/STNl 
Ul=QS"'<>SINI 
VT=flSM•COS! 
U2=VT*I!.-TANQ•CTNll/ITAND•CTNll 
0\oiT:OW*Ul/U::> 
PWT:PW+OW*U!*U1-0WT•U2•U2 
WRITE16.300lPWTtOWT,SIN1 
CALL RGAS(PifiTtOWT.SWIMBlt4l 
QSP:-SQRTIU?•U2+VT•VTI 
IF<-OSP/AX.GE.J.IGO TO 109 
!F!~WC.LT •• ry05lGO TO 113 
QWC:OWC/2. 
S !N I =SHJl-OioiC 
GO TO 108 

113 WRIT£(6,30001 
3000 FORMAT<• NO OBLIQUE SHOCK SOLUTION. NORMAL SHOCK MODE USEO.•I 

GA"'MA::G!<!Ilo"'!'ll 
GA2~~.•GA"'MA/(GAMMA-1ol 
GCC:(GA"'"'A•\.1/IGAMMA-1.1 
GE=IGA"'"'A•l.l/2. 
TEST=-2. 
P~T=PW•c <GA?•A"'MSQ-1.1/GCCl 
OWT::O~*(AMMSQ/(AMMSQ/GCC•1./GEll 
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CALL RGASCPWTtOWToS\I(~D),.l 
ASQ·~=AX•AX 

GO TO 9A 
!09 ERRJ~2.°CHX~-HXI+Ul•Ul-U2*U2 

ASfl'I=AX•AX 
WR!TEC6.2000l!CNT,SINl,ERRloSIN2oERR2tSIN3tERR3 

2000 FOR~ATCJH •!5o6El6.8l 
!FC~8SC~RRltHXl.LT.ELI~lGO TO 9A 
IC~JT=ICNT+l 

I"<TCNT,GT.?lGO TO 106 
I;:RR1=E:RR2 
SlNJ=SlN2 
S!N?=SIN1 
ERR?=ERR1 
GO TO Ill 

10~ !FitCNT,LE.?*LCNTlGO TO 103 
WRITE16o2001 

200 FOR•~AT ( lHlo •OBL tOUE SHOCK ITERATION EXCEEDS LIMIT• I 
STOP 

l03 IFC~RRI•ERR?,GE.O.OlGO TO 104 
EPRJ=ERR1 
STNJ=SIN1 
GO TO 101 

104 IFIERRl•ERR),Gf,O,OlGO TO lOS 
ERR;>:ERRI 
S!N?.:a:SINI 
GO TO 101 

105 ERR1=ERR6. 
ERR;:>:ERRl 
SINJ=SIN2 
SIN;:>:5IN1 
GO TO Ill 

q8 CONTINUE 
DW=r)WT 
P\oi=PIIT 
I" I TEST .GF.. -1.01 GO TO 100 
C0NST=HX•.S•OSP* 0 2 
PW=PW "!l.-C05TH2l 
!F rPW .GT, PWI)I GO TO 75 
D\1:0~0 $ IJUMPl(M8l=2 $ IJMPI<T!M8):0 

7S CALL RGASCPw,ow,SWCMBioSI 
ASO·~=AX•AX 

0.SP:-SQRTI2,•1CONST-HXII 
100 Dll.~RI=DW ~ P!ltMBl=PW $ ASO(loMBI:ASQW 
!10 AAl:OT/XT S AA?=QSP/CDUM 0 XNPI 

'/(1,~81:AA2•CXNP2*SIM-XNMP•~IPI-AAl•DBZ 
Ull,~91=AAl•XT?.•dA2*CXNMP-XNP2l 

Wll.~A):AAl•DBP+AA2*(XNP2*ETAM-XNMP•ETAPl 
\oiRTTE CF,o3l70l 

3170 >ORYAT!lH tJOX,•THE OUTPUT VARIABLES ARE AS FOLLOWS•) 
WRITE C6o3l20l PW,O'oi.U(loMBl oVIloMR) oW(loMRI oSWCM!'I),ASQI1tUIH 
RETURN 
END 
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SUrlROUT!NE TRANFIM,J,fl 
c 
C TRANF OEFINES QUANTITIES ASSOCIATED WITH THE CLUSTERING 
C TRANSFORMATION IN THE R DIRECTION !SEE STATEMENTS 
C 1-~ BELOW), THE CLUSTERING TRANSFORMATION IS ASSUMED 
C IN THE FORM 
C SX=SFIX•Y•Zl WHERE SX=IR-B(7.,PHili/ICIZ,PHII-BIZtPHIII 
C THE USER CAN SPECIFY THE FUNCTION SFIXtYtZio 
C THE USER MUST DEFINE AS FUNCTIONS Of !XtYtZI THE FOLLOWINc; 
C SX, SFXt SFYt SFZt SFXX, SFZXt SFYX 
C SEE USERS MANUAL FOR RESTRICTIONS AND INSTRUCTIONS 
C J=1•2t3 IS A LINE INDEX FOR TRANF QUANTITIES 
C I=l•2 IS A LINE INDEX FOR TRANF QUANTITIES 
c 

COMMON NCtMCtK,PINF'oOINftPHIOtiOYAW,PI,RAO 
COMMON YZI3) tYPHI 131 tCI251tCZI251tCPHI 1251,RI20t25l 
COMMON Dl20,251tP120t251tUI20t251tVI20t251tWI20t251tASQI20o25l 
COMMON CUI4,20t251tCUP(4t20t25l 

C ~•• END OF gLANK COMMON ••• 

c 

COMMON /CTRANF/ NSFDtSFDI20ltSFX01201tSFXXD1201 
COMMON /CBOOY/ ZtBZZtBPHPHI,BZP~ItTANCO,DELZ 

1 .PHI !251 ,91251 ,ez 1251 tBPHI 1251 tCOSPHI 1?.51 tSINPHI 1251 
COMMON /BLK02/ THETAtDY,TG4131tTG5131tTG6131 

1 , X I 20 l • X 7 I 2 0, 21 , X R I 20 • 21 , XPH I I 2 0, 21 t Y I 251 
2 ,TF4120t2ltTF6(20t2)tTF7120t21 

CZM=CZ 041 
CMB::CIMl-BM 
YZJ:YZIJI 

S BM•B IMI S 3ZM=BZ (MI SAPHIM•BPHI IMI 
S BZMCZ::BZM- CZM S BPMCP•BPH!M -CPHIIMI 

S YPHIJ•YPHIIJI S TG6J=TG61JI 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C THIS ROUTINE IS VERSION 1 OF TRANF CORRESPONDING EITHER 
C TO NO CLUSTERING, I.E., SFIXtY,ZI=X 
C OR THE USER HAS READ IN THE SFIXI DATA POINTS 
c 

SFX:l,O ~ SFXX:O,O S SFY=O,O 
SFZX=O.O S SFYX=O.O S SFZ=O.O 
DO 100 N=1•NC 
IF INSFO .Eo. 01 GO TO 25 

c 
C THE USER READ IN THE SFIXI DATA POINTS 
c 

c 

SX=SFD!Nl S SFXxSFXeiNI S SFXX=SFXXDINl 
GO TO 50 

C CORRESPONDS Tv NO CLUSTERING 
c 

25 SX=XINl 
C •o• THE FOLLOWING STATEMENTS SHOULD APPEAR IN ALL VERSIONS ••• 

50 SXl=SX-1. 
FX=l,/SFX 
FTHD=-SFY•Fx•YPHIJ 
FZ=-FX•CSFZ•SF'Y 0 YZJI 

1 RIN,Ml=BM•SX•CMB 
2 XRINtil=TXR:FX/CMB 
3 XZINo!l=FZ+TXR•ISX1•BZM-SX•CZMI 
4 XPH!INoil=FTHD+TXR•ISXl•BPHIM-SX•CPHIIMII 
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5 TF4(Noil•SFXX/SFX 
7 TF6CNoil=TG6~ +ISFZX•SFYX*YZ~l/SFX-RZ~CZ/C~R 
8 TF7CNoil•SFYX*YPHI~/SFX-BP~CP/C~R 

100 CONTINUE 
RETURN 
ENTRY TRANFW 
IVERSON•l 
WRITE 16t3000l IVERSON 
IF CNSF'I) .Eo. Ol wqiTE 16o3010l 
'F CNSF'O .NE. 01 WRITE (6o3020l 

3000 FORMATilHOt20Xo•PROGRA~ TRANF*o6Xt*VERSION•oi41 
3010 FORMATillXo•EQUAL SPACING IN RAOIAL DIRECTION*! 
3020 FORMATillXo•SFCXl WAS READ IN AS DATA POINTS•! 

RETURN 
END 

., ... ·""'" ,.......,,...,.. ... _ 
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SUA~OUTINE T~ANGIYYtMtJI 
c 
C TRANG OEFINES QUANTITIES ASSOCIATED WITH THE CLUSTERING 
C TRANSFORMATION IN THE PH.I DIRECTION CSEE STATE"'ENTS._ 
C 1-6 BELOW!. THE CLUSTERING TRANSFORMATION IS ASSIJMED 
C IN THE FORM 
C THETA=SGIYYtZI WHERE THETA:PHI/PHIO 
C THE USER CAN SPECIFY THE FUNCTION SGIYYtZI 
C THE USER MUST DEFINE AS FUNCTIONS OF IYYoZI THE FOLLOWING 
C SGo SGYt SGZt SGYY, SGYZ 
C SEE USERS MANUAL FOR RESTRICTIONS AND INST~UCTIONS 
C ~ IS THE INDEX FOR THE TANGENTIAL PLANE 
C J=l•2t3 IS A LINE INDEX FOR TRANG QUANTITIES 
c 

COMMON NCtMCtK,PINFoDINF,PHIOoiDYA~,PitRAD 
C0M40N YZ 131 tYPHI 131 tC 1251 tCZ !251 tCPHI 1251 ,R 120 t251 
COMMON 0!20,251 ,P(20o251oUC20o251oVC20o251oWC20t251oASQ!20o251 
COMMON CU(4,20t251oCUP(4o20o251 

C ••• END OF BLANK COMMON *** 

c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

30 

35 

COMMON /CTRANG/ NSGDtSGD!2SitSGYDC251 tSGYY0!251 
1 ,GYMOYtGYYMOYtGYlPDYtGYYlPDY 
2 oMCP 

COMMON /CBOOY/ ZtBZZtBPHPHI,BZP~ItTANCOtDELZ 
1 ,PHI C251 ,8 12"1 tBZ 1251 tBPHI 1251 tCOSPHI 1251 oSINPHI 1251 

COMMON /BLK02/ THETAt0YtTG4C31oTG5C31oTG6!31 
1 ,X!201 ,xzc20o21 oXR!20o21oXPHI !20o21 oYC251 
2 ,TF4C20•2ItTF6C20t21tTF7!20o21 

T~IS ROUTINE IS VERSION 1 OF TRANG CORRESPONDING EITHER 
TO NO CLUSTERING, I.E., SGCYYoZI•YY 
OR THE USER HAS READ IN THE PHI"S 

IF CNSGO .Ea. Ol GO TO 50 

THE USER ~EAD IN THE PHI"S 

IF (M .NE. MCPI GO TO 30 
SGY:GYlPDY ~ SGYY=GYYlPDY S SGZ=SGYZ=O. 
GO TO 2 
IF (M .NE. 01 GO TO 35 
SGY:GYMDY S SGYY=GYYMDY S SGZ=SGYZ=O. 
GO TO 2 
SG=SGDCMI S SGY=SGYO(M) S SGYY=SGYYDCMI S SGZ•SGYZ=Oo 
GO TO 1 

CORRESPONDS TO NO CLUSTERING 

50 SG=YY S SGY:1. ~ SGZ•SGYY•SGYZ=O. 

C *** THE FOLLOWING STATEMENTS SHOULD APPEAR IN ALL VERSIONS ••• 
1 THETA=SG 
2 YPHJ(JI=loO/CPHIO•SGYI 
3 YZ!JI=-SGZ/SGY 
• TG4CJI:SGY 
5 TGS!Jl=SGYY/SGY 
6 TG6CJl=SGYZ/SGY 

PET URN 
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TRANG 48
ENTRY TRANGW TRANG 49
IVERSONzI TRANG 50
WRITE (6.30fl0) IVERSON RN, 5
IF (NSGO *EO. 0) WRITE (6.3010) TRANG 51
IF (NSG) *NE. 0) WRITE (6.3020) TAG 5

3000 FORMAT(INOopo0A.PROGRAM TRANG*,6X9*VERSION*9I4) 
TRANG 53

3010 FO*~mAT(1X*EQUAL SPACING IN TA4dGENTIAL DtPECTTnN*) TRANG 54

3020 FOR4AT(1X90THE PHNI"S WERE READ IN RY TH4E USER*) TRANG 55

RE TURN TRANG 56

END 
TRANG 57
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SUBOUTINE WALL(M.JRJL*JSGIF.L) WALL
C wALL 3
C WALL COMPUTES PREDICTED OR CORRECTED Z DERIVATIVES OF WALL 4

C P. V?9 AND S(ENTROPY) USING CHARACTERISTIC COMP. PELS. WALL 5
C V2 IS VEL. COMP. TANGENT TO WALL VP=V+(BPNI/B)*U WALL 6
C V2(J). Sw(J). VOWY(J). AND PWY(J) ARE WALL VALUES OF WALL 7
C V?. S. V/W. AND P RESP. WHERE J=JP OR JL WALL a
C JR AND JL APE LINE IDENT. INDEXES FOP Y nIFFS. WALL
C JSG=,7.3 LINF INDEX FOR TPAN( AND BODY PARAMETERS WALL 10
C IF=I.' LINr INDEX FOR TRANF PARAMETERS WALL 11
C L = 0 CORRESPONDS TO PREDICTOR WALL 12
C = I CORRESPONDS TO CORRECTOR WALL 13
C THIS VERSION OF WALL CONTAINS SEVERAL OPTIONS FOR WALL B.C. WALL 1'

C ISwSMO NE 0 MEANS WALL ENTROPY EXTRAPOLATION WALL 15
C MODI = 1 MEANS SECOND ORDER ACCURACY WALL 16
C ISWMOD = 0 MEANS MOO 0 FOR WALL B.C. WALL 17
C = 3 MEANS MOD 3 FOP WALL B.C. WALL 18
C THIS ROUTINE CONTAINS SPECIAL FEATURES AFTER A JUMP WALL 19
C IJUMPI (M) = 0 MEANS NO JUMP ON LINE WALL 20
C IJUMPI(M) NE 0 MEANS JUMP 4AS BEEN CALLED (SEE JUMP) WALL 21
C IJUMPI(M) 2 2 MEANS NO SECOND ORDER ACCURACY WALL 22
C AND NO ENTROPY EXTRAP. IF A COMPRESSION JUMP WALL 23
C AND MOD 0 FOR WALL B.C. WALL 24
C WALL 25

COMMON/RGASS/AXMXTXtRPXGXNTSSTNGASNFIPST WALL 26
COMMON NCMC.KPINFINFPHTO.IDYAWPIRAO NEWCOM I
COMMON YZ(3).YPMI(3)Ct2S),CZ(25),CPHI(?5),RC(O,25) NEWCOM 2
COMMON D(20,25)*P(20,25),U(2025)V(20,2S),W(20,2S),ASO(20.25) NEWCOM 3
COMMON CU(4,20,25),CUP(4,20,25) NEWCOM 4

C 0* END OF BLANK COMMON **o CD3CSS 32
COMMON /CWALL/ PZV2ZSZISWMOD.MODINJMPKTNJMKTCKCFLKFAC CWALL 2
1 .PZCOR(2s) CWALL 3
COMMON /CBOnY/ ZBZZ,8PHPHIBZP4ITANCO*DELZ CRODY 2
1 PHI(25),B(25),BZ(25),BPHI(25).COSPHI(2i)eSINPHI(2S) CRONY 3
COMMON /BLKnl/ CZY(3),CPHIY(3),V2(3),VOWY(3)*PWY(3)sSWY(3) BLKnl 2
I IJNOP(3#'),CF(4,20,2),CG(420,3).CE(4,?0,21 BLK0j 3
COMMON /RLK02/ THETADYTG4(3),TG5(1)9TG6(3) BLK02 2

I *X(2g),X7(2092),XR(20.2).XPHI(20.2).Y(25) BLK02 3
2 ,TF4(20v2),TF6(2092)9TF7(2092) BLK02
COMMON /SLKn3/ ICFLA2(31,A3(3),A4(3),AS(3),A7(3) BLK03 2
1 ,IJUMP(25),IJUMPI(25),IJMPKT(25) BLK03 3
COMMON /BLK04/ GAMMAG.GD.GE*GA2,DOXDDYHOT2,ELIMLCNTISWSMO,NA 8LK04 2
1 ,SW(25),GM(20.25) BLK04 3

C WALL 29
DIMENSION DCGY(4) WALL 29
BET=8ETA WALL 30
KMODI=MODI S KSWMOD=ISWMOD WALL 31
RM=R(M) S BZM=8Z(M) S RPHOB=BPHI(M)/BM WALL 32

YPIIJ=YPHI(JSG) S YZJ=YZ(JSG) 3 XRWzXR(IIF) WALL 33
UWSIJ(ltM) S WWzW(l*M) S PW=p(.m) WALL 34
VW;V(,M) S OW=O(IM) S ASQW=ASO(IsM) WALL 35
VOR=VW/RM S VOw=VW/WW I YPOR=YPHIJ/BM WALL 36
BR=wW*YZJ+YDHIJ4VOR WALL 37
PX=(P(2.M)-PW) ODX WALL 38

Owwznw*ww S ETA=WW**2-ASQW WALL 3Q
CDUMP=(FTAh(I.BPHOO*O)(WWOBZM)l.2)/ASOW DUMP 33

IF (CDUMP .GE. 0.) GO TO 1001 DUMP 34
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CALL 0MPSORT (4HW4ALL. 19Z. .C)UM0) DUMP 35
1001 RETA=SQT(COJmP) DUMP 3

ALAm=ASOW*(PETA-8ZM)/ETA S OJM4=VWRPHORIJW WALL 41
AAX=UJNOP(2.TF)*flx S OSYZISWY(JR)-SWY(JLfl*ODDY WALL 4?
VY=(V2IJR)-V2(JL)*OV WALL 43
IF TiJUmP1m) PFQ. 0) GO TO 20 WALL 44
IF (IJUMPIIm) .FO. 2) GO TO 15 WALL 45
IF (L *EQ- 1) GO TO 10 WALL 47

200 IF (li~j#PIIJI *NF. 3) G0 TO 210 WALL 54
IF (IJMPKT("A *GT. NJMPKT) GO TO 230 WALL 55
IFAC=NJMPKT PXWALL 3
GO TO 215 WALL 56

210 IF IlJMPKT(m) G(T. NJMKTC) GO TO 230 WALL 57
TFAC=NJMKTC PXWALL 4
IF (ICFL*KCFL *NE. 0) GO TO 215 WALL S8
IJ'40KT(m)=IJMPP(M).KFAC S GO TO 10 WALL 59

215 IJMPKTIM)1[JMPKT(M),1 5 GO TO 10 WALL 60
?30 IJUUP1(M)=2 5 IJMPKTIMI=O S GO TO 15 WALL 61
10 FAC=FLOAT(IJMPKT(M)-1),FLOAT(IFAC) PXWALL 5

PX=PAC*PX S AAX=FAC*AAX PXWALL 6
15 m0010~ s ISwmon=a WALL 63
20 CONTINUE WALL 64

IF (ISWMOD *EQ. 3) GO TO 25 WALL 65
O)VOWY=(VOWY(JR)-VOWY(JLH)OODY S PY=(PWIIJR)-PWY(JL))*DOY WALL 66
DUMM=(BZM/BM*YPOR.DVOWY)*WW S OUMZBB*WW/ASOW-YZJ WALL 67
PZ23 (ALAM*OUM.8ZM*YZJ.YPOR*8PHOB) 'PY WALL 68
1 -OWW*(Bq*(Ar)(JSG) .VOWOA3(JSG)) WALL 69
2 -ALAM*r)UMM.(TF6(1,IF)-TG6(JSG))*WW.VOR*TF7(1,IF))) WALL 70
V2Z23=(88eV2Y-UW.A3(JSG ).YPOR*PY/OW)/WW WALL 71
GO TO 50 WALL 72

25 TG5J=TGS(JSG) WALL 73
00 40 1=194 WALL 74
OCGY II)=(CG (1.1 9JR) -CG (I'1 ,JL))I*DDY WALL 75

40 CONTINUF WALL 76
CE1=DW*(UW/Rm.TGSJ*A8.TFAI1.IF)*WWTF7I1,IF)*VOP) WALL 77
DtUMI=ITr5JOVZJ.TG6IJSG))*PW S DUM2=(TGSJ*YPHIJ+RPHOB)OPW/BM WALL 78
O S0=W W **2-*V W *2 U* LW 2 WALL 79
OUMI=UW'OC'vt3)-OSO*DCGY(1).WW*(DCGY(?).DU)Ml).vw*(nCGY(4).OUM2) WALL s0

C *** THE EQUATION FOR XKI IS VALID FOR PERFECT GAS ONLY * WALL 81
XK1=-DW/(IASOW*GB) WALL 82
IF(NTEST.GE.0)GO TO 60 WALL 83
0)X=1.025*DW WALL 84
CALL PGAS(PWqOX#DUMMY94) WALL As
MEL HX WALL 86
flx=.975*DW WALL 87
CALL RrAS (PW.DX.OUMMY,4) WALL 88
XP( 1.05'OW/ (MXl-HE) WALL 89

i0 CONTINUE WALL q0
PZ23=ALAM*AWe(CE1.2..DCGYI).XK1.OUu3/DW) WALL 91
1 .IBZMA-ALAM)*(DCGY(2).OUML)-OCGYI3).8P4084(OCGY(4).OUM2J WALL 92
V2Z?3.IRPHO800CGY(3)-OUM400CGY(1).DCGY(4).OUM2)/DWW WALL 93

50 DZ=ALAM*XRW.PX-(OWWoIALAM*AAX-WW*A7UJSG) WALL 94
1 -VW*A4(JSG).OtJ'4*VOW/RM).PZ23)/RFTA WALL 95
V2Z=IJWOA4 (JSG) -VOR09Zm-V2Z?3 WALL 96
IF (mofi *NF. 1) GO TO 90 WALL Q7
IF IL .EQ. 1) GO TO 80 WALL 98
PXX=(2.*P12.m)-P(3,m)-PW)ODDX WALL 99
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AAX.X= (-..UNOR(?;TF);UNOP(3.IFfl*ODX WALL 100
PZCORM)=ALAM*( RW* XX-DWW*AAXX/PETA) WALL 101
GO TO Q0 WALL 102

Anl Pz=O~Z.PCOR(M) WALL 103
90 IF (4 .GT. ISWSMO) GO TO 100 WALL 10(.

CALL RGAS(P(3.M),O(3.m).SW3.4) WALL 105
CALL RGAS(P(2P4) ,02,4) .SW2.4) WALL 1()-
SZ=P.0SW2-SW3 S IF (Sw~? *LT. Sw3) SZ=.q*CSo2+Sw3) S GO TO 125 WALL 107

100 SZ=-HH*DSY/WW WALL 109
12S CONTIJUF WALL P)9

Pz~oz/pw WALL 110
MOO1=I(MODI I ISWMOD=KSwMOO WALL ill
IF (IJUMP(M) .EQ. 1 *AND. L .EQ. 0) PZ=fl. WALL 112
BETA=BET WALL 113
QE TIPN WALL 114
END WALL 115
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SURPOUTINF -4Ht)CK(M.JR .JL ,JSG* IF~ ,L) SHOCK 2
C SHOCK COmPUTFS, PREDICTED OR CORRECTED 7 DEPIVATIVES OF C9C?# SHOCK 3

C AND CPHI. JR ANO JL ARE LINE INDEXES FOP Y DIFFS. SHOCK 4
C JSG:1.2#3. LINE INDEX FOR TRANG 01UANTITIES SHOCK 5

C IFF=1.2 LINE iNDEX FOR CF AND CE AREAYS SHOCK 6

C L=O CORPESPtNDS TO PREnICTOR SHOCK 7

C L=I CORRESPONDS TOD CORRECTOR SHOCK a

C THIS VERSION HAD SECOND ORDER OIPFEPFNCING SHOCK 9
COMMON NC."r.K.PINF.DINF.PHIO.IDYAW.P.PAl NEWCOM 1
CO'"40N Y2'3).YPHI(3),C(25).CZ(?5htCPHI('5),R(20.2S) NEWCOM 2
COMMDN n(2n.2').P(?0,?S),U(20925)oV(20,75).IWC20,25).ASQ(20,25) NEWCOM 3

COMMON CU(4.20.29).CUP(4920,25) NEWCOM 4

C *** END OF PLANK COMMON * CD3CSS 32
COMMON /CSr4OCK/ DCZ.OCZZDCPHZPOIFSPDTF.OINXD1 INFO2INF CSHOCK 2
1 .UZCOR(4.25) CSHOCK 3
COMMON /C800Y/ ZfZZ98PHPHI*BZPH1,TANCOOELZ CRODY 2
1 PRHI(29).R(25),BZ(2S)tBPHI(25)oCOSPHT(75)tSINPMI(2S) CBOO)Y 3
COMMON /8LKnl/ CZY(3),CPHIY(3),V2(3),VOWY(3),PWYI3),SWY(3) BLKOI 2
1 *UNOP(3.?).CF(4,2092),CG(492093)CE(4?l,2) BLKOI 3
COMMON /BLK04/ (AMMAG8,GDGEGA20DOX,0YHOT2,FLIMLCNTISWSMO,NA BLK04 2
I SW(25) rM(?0q?5) BLK04 3

COMMONRGASS/AX.HXTX.RRXGXNTEST.NGASNFIRST SHOCK 11
DIMFNSION DCUZ(4),CUZCOR(4) SHOCK 12
DATA C SCINEG=1) SHOCK 13
CM:CCM) S CPHIM=CPHI(M) S CZMZCZ(M) S CPHIC=CPHIM/CM SHOCK 14

CMU11I.,CPHICO*2 S CMU2=CMUI*CZM*02 SHOCK 15
YPHIJ=YPHI(,JSC7) S YZJ=YZ(JSG) SHOCK 16
US*U(NC.Mi*SPOIF S WS=W(NC.M)OSPD!F S PS=P(NCoM)/PINF SHOCK 17
VS=V(NC.M)*SPDIF S SOSaO(NCM)/OINF S ASQS*ASO(NC.M)/POIF SHOCK 1s
WS2=WS*WS S ETAvW52-ASQS SHOCK 19
UV2US-CPHIC*vS DUMP 37
CDU%*P=(ETA*'MUI.UV**2)/ASQS Dump 38
IF (CDUMP rOF. 0.) GO TO 1001 DUMP 39
CALL OMISGRT(SHSHOCK,1.ZK.MNC,COUMPI DUMP 40

1001 RETT=SQPT(ClidjP) Dump 41

ALAU=-ASOS0{RETT-WS.UV)/ETA SHOCK 21
IF(1_.EO.1C -,O TO 20 SHOCK 22
00 10 1=1,4 SHOCK 23
CUZCOR CI)=O * SHOCK 24

10 UZCOR(T.M)sCF(I.NC,IFF).CF(INC-2,IFF)-2.*CF(I,NAIFF) SHOCK 25
GO TO 30 SHOCK 26

?0 DO PS 1=1-4 SHOCK 27
25 CIJZCOPCI)=(U700PCI.m) SHOCK 28
30 DO 15 1=1.4 SHOCK 29
35 OC'JCI)=C CCF(t.NC,IFF)-CF(I.NAIFF),CUZCOQ(I))*ODX SHOCK 30

I *CCG(I.NC.,JR)-CG(1.NC.JL))ODOY.CE(TNCIFF))/PTNF SHOCK 31
DC)J7 I) =nClJ71) /9PoIF SHOCK 32

C **THE EQUATION FOP XK1 IS VALID FOR PFRFECTS GAS ONLY *eSHOCK 33
X K1=-nS/C05S*G8) SHOCK 34

IF(NTEST.GE.n)G0 TO 60 SHOCK 35
PX=PINF*PS SHOCK 36

*OX=I.02500S.-DINF SHOCK 37
CALL RCAS (PY.09,DUP4HY.4) SHOCK 38
HX I HX SHOCK 39
nX=.q75.DSon INF SHOCK 40

CALL P6AS PI .OX.OUMMY.4) SHOCK 41

xKC=.099DS/(HXICHX)*PINF/DINF SHOCK 42
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6j0 CONTINUF SHOCK 43

nUM1ZXK1/OS S DUM=OUMI*ALA4 SHOCK 44

RNS=(2.4ALAMUM*(WS2US2*VS**2) )*OCUZ(1).(UV-ALAM*OUMOWS2) SHOCK 4

1*OCUZ(2)/dS.(DU'
4
*US -1.).OCUZ(3).(CPHICOfUMVS)OOCUZ(4) SHOC.K '6

VNIOMU=(O1NY*C7M.1NF(COSPHI(4)+S!NPHI(M)OCPHTC))/CM4U2 SHOCK 47

1 *O?INF*(SINPHI(M)-CnSPHI(M)LCPHTC)/CMIU
7  SHOCK 48

OS2=DS*02 S XMNSQ(Ctj2VNIOMU**2)/(ASOSOnS2) SHOCK 49

nU4%1 .-I ./nq SHOCK so

AOflIJf2(1.,XMNSOXK1*(PS-1.)/DS2)/(1.-XMNS0) SHOCK 5

DLiM=OINX.C7m*VNIOMU SHOCK 5

AIsqETT*VNIOMU*(AO.OUM2) ,OS*OUM3*AO SHOCK 53

OUM4= (0S-1 * /C'4u2 SHOCK 54

ClzIJM3*AI-OUM40CMUI SHOCK 55

C2CVSCPHICVNIOMU/OS)AICZMCPMICODUM4 SHOCK 56

QHS~zOHS-(At-OS*WS)*(VS*CPHIC*US) *YZJ/YPHrI SHOCK S7

1F(TSCINEG.FQ.fl GO TO 40 SHOCK 513

IF(CI*C1OLO.GT.0.) GO TO 40 SHOCK 59

WQ1TF (691000)~ C1,L9M,K SHOCK 60

1000 FORm4T(IHOq*IN SURROUTINE SHOCK Cl =*#1PF15.6,2XP*LM*K s.,315) SHOCK 61

CALL SAvE(OUM.OUM.DUM) SHOCK 6

40 C1OLOxCl SHOCK 63

ISCINEG=O SHOCK 64

OCZZCZM-CPHTUOYZJ/YPH! J SHOCK 65

OCPHZU(YPHJ(CZY(JRh-CZY(JL))-YZJ*(CPHIY(JR)-CPHIY(JL)))OODY SHOCK 66

OCZ~z(1SC2(CPHZCPHICDCZ)/CM)/CI SHOCK 67

RET URN SHOCK 68

END SHOCK 69
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SU80OUTINE INTEGIUFLAG) INTEG 2
C INTF'G 3

C INTEG INTEGRATES TH.E WALL PRESSURE TO OBTAIN THE INTFG 4
C FORCES AND MOMENTS (ABOUT ORIGIN) AND THEIR Z nERIVATIVES. INTEG 5

C THIS ROUTINE USED SIMPSON*S RULE FOR PHI INTEGRATION INTFG
C AND TRAPEZOIDAL RULE FOR Z INTEGRATION. INTEG 7

C INTEG
COMMON NCMC.4(.PINF.DINF.PH1OIDYAW.PI .RAO NEWCOM 1
COMMON YZ(3),YPHII3),C(?5),CZ(25),CQHX1?5),R(20.2S) NEWCOM 2
COMMON 0(20.25) .P(20925) 9U(20.25) .V(20,25) .w(2o,25) ASQ(20.25) NEWCOM 3

COMMON CU(4,20,25)tCUP(4,20925) NEWCOM 4

C *. END OF RLANK COMMON * CD3CSS 32
COMMON /CINTEG/ FN,FYFA,MX,MY,MZFNZFYwZFAZ.MXZMYZMZZ CINTEG 2

1 *DY039MA,GY(2S) CNE
REAL MX.MY ,MZOMXZMYZ.MZZ CINTEG 4

COMMON /CBOnY/ Z,8ZZ,8PHPH1,BZPA4ITANCOiDELZ C~oDy 2

1 *PHI(25),B(25),BZ(25),8PHI(25)tCOSPHI(25)#SINPHI(25) CsOOy 3

C INTEG 10

DIMENSION SUIMJ(6,2),SF(6),SFI(6).SF2(6),F(6) INTEG 11
IF (IDYAW *EQ. 1) GO TO 300 INTEG 12

C . SIMPSON.'S RULE FOR SYMMETRY CASE (PHIO=18O) * INTEG 13
SUMJ(1,1)SSUMJ(2,1)-SUMJ(391)=SUMJ(1 ,2)=SUMJ(22)=SUMJ(3,2)=0. INTFG 14

KI:) INTEG 15

DO 200 M=1,MA INTEG 16
BM=8(M) S BPHIB9BPHICM)/BM INTEG 17

DUMs2..(P(l.M)-PINF*BMOPHIO*GY(M) INTEG 18
SINP=SINPHI(M) S COSP=COSPHI (M) INTEG 19

SF(1)20UJM(COSP*GPHIB*SINP) INTEG 20
SF(3)=DUMOBZ(M) S DUMI=SF(3)*BM INTEG 21
SF1 2)=DUM1 OCOSP INTFG 22
IF (M .NE. ?) GO TO 125 INTEG 23
SF1(IL=SUMJ(191) S SFI(Z)=SUMJ(2*1) S SFl(3)=SUmJ(3#1) INTEG 24

125 330 150 121,3 INTEG 25
150 SUM4J( IgKl =SUMJ( 1,3() .SF(I) INTFG 26

K 1=3-K 1 INTPG 27

200 CONTINUE INTFG 20
SF2 Cl) -2. *(P11 .MCI -PINF)*B (MC) *PHIO*GY (MC) INTFG 29

SF213) :-SF2(1) OZ (MC) INTFG 30
SF212) :-SF2(31*8 (MC) INTFG 31

DO 750 1:1,3 INTFG 32

F(1)20Y03*(4.SUMJ(192)#2.*SUMJ(191)) INTFG 33

IF 1(1 .EQ. 1) GO TO 225 INTFG 34
F(I)=F().YD31(.5SF(135SF1(I)*..55F2(I) 3 INTFG 35
GO TO 250 INTFG 36

225 F111F(I)#0YD3*(F2(I)-SFI11)) INTEG 37
250 CONTINUE INTFG 34

GO TO 600 INTEG 39

c * SMPSON'S RULE FOR NON-SYMMETRIC CASE (PHIO=360) * INTFG 40
30:00D 325 I-ItA INTFG '1

SUMJ(I,1)=O. S SUMJ(I,2)0O. INTFG 42

325 CONTINUE INTFG 43
K~~zI INTEG 41

LDO 9;00 M21,mA INTFG 45

BM=RIM) S BPHIB=BPHI(M)/BM INTEG 4

DUM: (P31,M) -PINF) .eM*PMIO*GY M) ITG 4
SINP=SINPHIIM) S COSP=COSPHI(M) INTFG 48

SF11) :DUM
4 
(COSP.8PHIB*SINP) INTEG 49
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SF(l:=OUM:67U4M) : DUMI=SF(3)'sm INTFG 50
SF ?= Dum *cOS 5 SF(4)OUM1*SisJP INTFG 51
SF (9) DUM .(RPHIR*COSP-SINP) INTEG 52
SF (6) =OuM 0 M 08PHIB INT97G 53
IF (A4 NE. P) GO TO 375 INTFG 54
00 350 1=1.o INTFG 55
SFU(I)=SUMJ(1,1) S SF2(1)=SF(I INTEG 5b

350 CONTINUF INTFG 57
375 DO 400 1=1.A INTFG 58
400 SU'4j(I KI )=SUMJ( I Kl) .SF (I) INTFG 59

K 1 3-K 1 INTEG 60
500 CONTINUE INTFG 61

00 525 1=1*6 INTFG 62
F (I)=DYD3' (4.*SUMJ (1.2) 2. @SUMJ U.1)) INTFG S3
IF (KI *EQ. 1) GO TO 525 INTEG 64
F (I) =F (I) .D3.(4.*SFI(I) -SF2 (I)-2.*SF (I)) INTEG 65

525 CONTINUE INTEG 66
C INTEG 67

600 F (2) =F (2).Z.F (1) INTEG 68
IF (IDYAW .EQ. 0) GO TO 625 INTEG 69
F(4)=F(4)-Z*F(5) S F(6)=-F(6) INTEG 70

625 IF (IFLAG .EQ. 0) GO TO 700 INTEG 71
HH(= (Z-ZP) /2. INTFG 72
FN=FN+HH*(F (1) .FNZ) INTEG 73
MY=MY.HH*(E (2) .MYZ) INTEG 74
FA=FA.4*(F(3) .FAZ) INTEG 75
IF (IDYAW *EQ. 0) GO TO 700 INTFG 76
MX1-4X*M F (4) .MXZ) INTEG 77
FY=FY.HH*(F (5) FYZ) INTEG 78
MZ=MZ*HH*(F(6) .MZZ) INTEG 79

700 ZP=Z INTEG 80
FNZ=F(l) S MYZ=F(2) S FAZ=F(3) INTEG 81
IF CIOYAW .EG. 0) GO TO 800' INTEG 82
MXZ=F(4) S FYZ=F(S) S MZZ=FC6) INTEG 83

800 RETURN INTFG 8'
END INTEG 815
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SUHPOUTINE TNTRPL(LtXtYtNtXXtYY) 
c 
C Tri!S IS A LINEAR INTERPOLATION ROUTINe. THE OATA IN THE X ~NO 
C XX ARRAYS ARE ASSUMED TO BE INCREASING ANO NO rHf.CKING IS OONF.. 
c 

0 fMF.NSION X <U ,y (L) tXX (N) tYY (N) 
M=2 
DO i'OO !==1•N 
DO l 00 J=."~•L 
IF <XX(!l oLE. X(J)) GO TO 150 

100 CONTI"'UE 
J=L 

150 M=J 
YY < T l :sy ( J-1 l + ( Y ( J l -Y ( J-1 l l • (XX ( t l -X ( J- 1) l I (X ( J) -X ( J-1 l l 

2CO CO~JTtNUE 
RETURN 
END 
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SUHPOUTINE PEZONEINCNEWtMCNEWtROLDoPHIOLDoDCUBo 
1 DARR1oDARR2,QARR3oDARR4tNDIM,MDIMl 

c 
C REZONE TAKES THE INITIAL DATA AND REZONES THE MESH 
c 

COMMON NCoMCtKoPINFtDINFtPHIOtiDYAW,PitRAn 
COM~-<OP~ YZ!3loVPHI13ltCI25ltCZI25ltCPHII?.SltRI2n,zSI 
COMMON D!20o25l oP!20t25ltUI20t25ltVC20t25l oWI20o25ltASQI20,25l 
COMMON CU(4,20o25l oCUP14t20t25l 

C ••• END OF RLANK COMMON ••• 

c 

c 
c 

COMMON /CBOOY/ ZoBZZoBPHPHitBZP~ItTANCO,DELZ 
1 ,PHI !25l tB !25l t8ZI25l o8PHI !251 tCOSPHI 1251 tSlNPHI 1251 

COMMON /BLK02/ THETAt0YtTG4!3l tTG5!3ltTG6131 
1 ,XC20loX7.!20o2ltXRt20o2ltXPHIC20o2loYI251 
2 ,TF4!20t2loTF6!20t2ltTF7!20o2l 

DIMENSION ROLO!NDIM,MDIMltOCUB!NDIM,MDIMt41tDARR41NOIMI 
DIMENSION PHIOLD!MOIMltDARRl!MDIMl oOARR21MOIMltOARR3CMOIMl 

NOTE THAT THE WAY DCUB IS USED IN THIS ROUTINE 
REQUIRES THAT DtPtUtV ARE CONSECUTIVE IN COMMON 

:iCOLD::NC S MCOLO:o:MC S NC•NCNEW S WC,.MCNEW 
,,~;~,-NC-1 S OOY:rMC-1 
DG ~-; ;~,.,1 oMCOLO 
PHIC,U_, ~·''"'PHI (M) 

00 20 N=i ··.'C0LO 
POLO !NoM) :w t<. -'-' 

20 CONTINUE 
25 CONTINUE 

DO SO N:zltNC 
X!N)a(N-ll/ODX 

50 CONTINUE 
DO 75 M:1oMC 
Y!Ml=!M-1)/'JDY 
CALL TRANG!Y!M),Mo1l S PH!CMI=THETA•~~ro 
COSPHl!Ml=COSCPHIIMll S SINPHII~l=S!N!PH'!~)l 
CALL BOO'I'(M) 

75 CONTINUE 
CALL INTRPLtMCOLOtPHIOLDtC tMC,PHitDARRll 
CALL INTRPLtMCOLDtPHIOLOtCZ tMCtPHitDARR21 
CALL INTRPLCMCOLDoPHIOLDtCPHitMCtPHitDARR31 
DO flO MxloMC 
C (Ml =DARR1 00 
CZ!Ml=DARR2!Ml 
CPH!!Ml::OARR31Ml 

80 CONTINUE 
DO AS M=ltMC 
CALL TRANF!Molo1l 

85 CONTINUE 
00 ?.25 N2loNCOLO 
00 100 M=loMCOLD 
OARRl!Ml=ROLDINoMl 

100 CONTINUE 
CALL INTRPL(MCOLDtPHIDLDtDARRltMCoPHionA~~21 
DO 125 M=1oMC 
R0L'J!NoMl=OARR2(Ml 
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REZONE 35 
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125 CONTINUE 
DO 200 !"1•4 
DO 150 M=1•MCOLD 
OARR1 fM) zDCUB fN,M,! l 

150 CONTINUE 

NSWC/WOL/TR 77-28 

CALL INTRPLfMCOLOoPHIOLOoOARRl,~CtPHitOARR2l 
DO 175 M:j,MC 
~CUR(N,M,J):QARR2fM) 

1 75 CON T! NUE 
200 CONTI•'IUE 
225 CONTINUC: 

DO "300 !=1•4 
00 275 M::r1,MC 
CALL INTRPLfNCOLD,ROLO!lt~l.OCUg(},MoiloNCoR!loMloOARR4l 
00 ?.50 N::rloNC 
DCU8!N,M,Il:OARR4(Nl 

250 CONTINUE 
275 CONTINUE 
300 CONTINUE 

•··•• ·""r Jtlllt· ........ 

RETURN 
END 
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SUHPOUTINE PGASIPX,RX,SXtNU~Xl 
CRGASP ~ALKE9 T~~P CONVERTED TO RANKINE 

COM><ON/RGASS/AX,HX,TXtRRX,GXoNTEST,NGAS,NF!PST 
0 I '-'fNS I ON TH I 5 tt'-0 0 l , NOLI 4 •11 l • NOU I 4, 11 l , AN ( 4 l , C 17 l , ANR I 17 l , AN I 4 l 
CO~~ON/CSERCH/F,TH51600l•NL,NU,~OUT,NER 
CO~MON/SAVRG/PO.RO,BoOoEtF~.NDLtNOUoMIOLtTHtPTOoSQPORQ,CAX,eHX 
O!M~NSION MTOL14olll• SAVF014l 
DATA !FO /0/ 

C,,,,,THE APRAYS NOL AND NOU ~UST BE STORED IN ADJACENT LOCATIONS, 
c 
c 

P=PX 
S=Sx 
R=RX 
NUM:NUMX 
NU~'i=NU,..-5 

IFINFIRST-NGASl10,9,10 
10 NF!PST=NGAS 

IFINTEST>7•19•19 
C ••••• LOAO PEPFECT GAS CONSTANTS, 

19 MIP(ll=PRX 
MlR 121 =GX 
ANR!3l:ANRI!l/IANRI2l-lol 
ANR!4l:ANfllll•ANRI31 
ANP!Sl=l,/ANRI2l 
ANR!~l=ANRI4l/ANRI11 

-":; •!=n"'"I'>I/AN~I2) 
ANR1Al:4900A.609-ANRI3l*ALOGI171,6/,0001**ANRI~)l 
GO TO 8 

c ••••• LOAO PEAL GAS CONSTANTS, 
7 CONTINUE 

CALL LOCATErNGASo9l 
PEAi) 191 (NOL !Nl ,N=1t891 
NM"':NDL !ll9l 
OF~OC9l CTHCNl ,N::l,N!o!~) tWTM!Xt CCIN) ,N:t,7l 
oE'.tT"JO 9 

DO liS N=1.44 
115 MlDLINl=INOLIN>•NOUINll/2 

NOU!o!X=NDUI44l 
DO 120 N=l,NDUMX 

120 TH5(Nl::TH!5.Nl 
F=O. 
DO ?.1 Nl=l ,4 
'IL=NDL CN1 • 1 l 
NU=NDU!NI•ll 
Ntq:M!OLINI,!l 
CALL S£C1Cf-< 

21 SAVFOINll=THCloNOUTl 
C0NC=WT~IX/;>A.96~ 
00=?116. 
PO:z,Q02498"C0NC 
RRP::l71A./C0NC 
RPX:PPR 
PTO:OP0•493.635 
SQPI}RO:SQRTcRO/POl 
13=TH(N"!M-2l 
E"TYINMI-I-1) 
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n=TH (NMM) RGAS 59
F:=n' 1632*. *468*CONC RGAq 60
A = ~FM RGAS 61
88=F*FM. RGAS 62
CCC.43.Fm RGAS 63
PL 457=0.*0 RGAS 64
PSTART=100.0 RGAIS 65

Z2=PO/10.**7 RGAS 66
q=7*q RGAq 67

PpP0*10.**PR RGAS 68

z I=PR RGAS 69
!F0=IFO.1 RGAS 70
F=0.*0 RGAS 71

00 P3 N1-1.4 RGAS 72
23 8N(Nl)=SAVF0(Nj) RGAS 73

BN (1)=8N(1) /SQPORO RGAS 7
8N(;')=N(2) *RTO RGAS 75
9N(3)z8N(3)*1.8 RGAS 76
9N (4) =BN(4) *RRR RGAS 77
ANP(9)=PP/(72*RN(3)) RGAS 78
RRX=ANR (9) RGAS T9
ANR (12)=BN (?) /N(3) RGAS 80

ANR(11)=ANR(12)/ANR(I0) RGAS 82
ANR( 13)zl./ANR(IO) RGAS 83
ANR (14)=ANR(C12) /ANR (9) RGAS 84

ANR(16)81N(4)-ANR(11)*ALOG(Z1/Z2**ANR(10)) RGAS 85
ANRI7T)=BN(1)*BN(1)*Z2/Z1 RGAS 86
CHXmANR (14) RGAS 87

CAX=ANR( 17) RGAS 88
9 IF(NTEST)1698,8 RGAS 89

C.CALCULATE F ANO NR. INITIALIZE CONTROL INTEGERS RGAS 90

16 P=ALOG(P/PO)/2.3O2585I RGAS 91
IF(NUM5)40911.70 RGAS 92

31 REAL =S/RRR RGAS, 93

6GG(PEAL-C(l)-C(2)*P)/(C(3).P(C(4).P*C(5))) RGAS 9)4
PQC 6) *GG+C (7) eP RGAS 95
PER=ABS( (RSTART-R)/R) RGAS 96
PSTARTRP RGAS 97
IF(PER.LT.0.1) R=RLAST RGAS 98

PLP9RGAS 99

CC=CCC-p RGAS 100
RI.4=CC*(..AA*CC/(88*88) )/88..005 RGAS 101
IF(PH.LT.-7.) RH=-7.0 RGAS 102
IF(P.LT.RH) R=RM RGAS 103
IF(RL.GT.3.0) RLz3.0 RGAS 104
IF(OL.LT.R) R=RL RGAS 105
NUMP=0 R G AS 106
NImxxO RGAS 107
NUM25 RGAS 108
NUIM9PWNUM!4-9*NUN RGAS 109
NBOTZ4 RGAS 110
NUP=4 ROAS ill
GO TO 42 RGAS 112

40 R=ALOG(P/ROI/2.3025851 RGAS 113
NIMMS5 RGAS 114

NUMm9P=NUM4-9+NUM RGAS 115
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NUP=NUM RGAS 116
NROT I RGAS 117

42 CONTINUE RGAS 1114
IF (R) 11912.13 RGAr 119

11 NR=P-1.l RGAS 120
IF(PIR.LT.-7) NR=-7 RGAS, 121
GO TO 15 RGAS 122

12 4=-1.O RGAS 123
CO TO 19 RGAS, 124

13 NP=P RGAS 125
IFINP.GT.2) NR=2 RGAS 126

15 DX=Q-FLOAT(%iR) RGAS 127
NR=NR.8 RGAS 128
F= (P-R-.R) / (1 ..R(E.0R)) RA 2
I$ (F) 15891609160 RGAS 131

158 IF(F.GT.-l.OE-o8) F0O.0 G 3
160 CONTINUE RA 3

C IF(NUMM-9.NUM) 229162922--------------- IF(NUMM9P) RGAS 133
IF(NUMM9P) ?29162922 RGAI; 134

162 IF(F-.00000l) 27,161,161 RGAS 135
161 IF(FA4.LT.F) GO TO 44 RGAS 136

C .. ... SEARCH FOR CORRECT COEFFICIENTS AND CALCULATE DESIRED PROPERTIES. RGAS 137
22 DO 17 N1ZNROT.NUP RGAS 138

NL=NOL (NI ,NP) RGAS 139
NU=KOU (NI ,NP) RGAS 140
NEP=MIDL (Ni ,NR) RGAS 141
CALL SERCH RGAS 142
Yl=TH(I.NOUT).F*(TH(2,NOUT).F*(TH(3.NOUT).F*TH(4,N0UT))) RGAS 143
NL=NDL (Ni ,NP+) RGAS 144
NU=NOU(NI ,NR.1, RGAS 145
NEP=MIOL (Ni ,NR.1 RGAS i46
CALL SEPCH RGAS 14?
Y?=TH(I,NOUT).F.(TH(2,NOUT).F*(TH(3,NOUT).F.TH(4,NOUT))) RGAr, 148
AN(Nl)=Yl*DX*(Y2-Yl) RGAS 149

17 CONTINUE RGAS 150)
IF(NUM5) 51952952 RGAS 1511

52 IF(NUMMQP) 399108,39 RGAcS 1 S2
108 PX=PO*i0."p RGAS 153
51 GO TO (121.:122912391249124)gNUM RGA,5 154,

C..NORMALIZE FINAL QUANTITIES. P645 155
124 SX=AN(4)*RRR RGAS 156
123 TX=&N(3)01.8 PGAS 157

122 HX=AN(2)*RTO RGAS 158

121 AX=AN(1l/SQPORO RA 5
SO TO 109 RGAS 160

C..ENTOOPY INTFRATION RGAq 161
39 0IFF=A8S((RFAL-AN(NUP)H/REAL) .RGAS 162

*IF(O)IFF-.0001) 37937938 RGAcS 163
C NUMM9P=NUNMM-gNUq=0 RGAS 164

37 NU'4M9P=l RGAS 165
NUMM=9-NUM RGAS 166
NPOT=l RGAS 167
NUP=3 RG*5 168
AN (4)REAL RGAS 169
PLAST=R RGAS 170
GO TO 42 RG*5 171

38 NtUmR=NUmB.1 RGAS 172

K181



NSWC/WOL/TR 77-28

NIMX=NIMX. I RGAS 173

IF(NI'A.GT.?O) GO TO 44 PGAS 174

43 ;F(NUMR-2) 92.A3984 RGAS I75

82 IF(PEAL-AN(NUP)) 8S,37.86 RGAS 176

85 RI=Q 
RGAS 177

SI = N (NUP) R645 170

P=4-3 RGAS 179

tF(PL.LT.8) R=PL RGAq 180

P2PRGAS 181

LU0 
RGAS I12

GO TO 4? RGAS 183

86 R2=P 
AGAS 184

S2=AN (NUP) ROAS 195
R=-. GAS 186

IF(P.LT.RH) R=89) RGAS 187T

R18R RGAS 188

UIRGAS 1A9

GO TO 42 RGAS 190

83 IF(L) 919.1RGAS 191

90 S2=AN(NUP) RA 9
RUPRGAS 193

IF (Si .NE.S2) R=R2-(S2-REAL)/(S2-S1) 4(R2-RI) RGAS 194

IF(PL.LT.R) R=RL 8645 195

GO TO 93 RGAS 196

91 S1=AN(NIJP) RGAS 197

R=(REAL-SI I/(S2-SI) O(R2-RII*R .8PGAS 198

IF(P.LT.PH) RVRN RGAS 199

93 IF(82-R) 1049379105 RGAS 200

104 NUMR1I RGAS 201

8uA82 RGAS 202

S15S2 
RGAS 203

L=O 
RGAS 204

IF(P2*.3-RL) 210.211.211 RGAS 205

211 82=8L RGAS 206
=R)RGAS 207

GO TO 47 RGAS 208

210 R2=P2..3 
RGAS 209

p=p;. 
RGAS 210

GO TO 42 RGAS 211

105 IF(8-R1) 106937942 RGAS 212

106 NUmR81 
RGAS 213

R2=81 
RGAS 214

S2=Sl 
PGAS 215

L1l 
RGAS 216

IFIRH-Rl+.3) 2129213.213 RGAS 217

213 R1=PH 
RGAS 218

PURI PGAS 219

GO TO 42 RGAS 220

212 81zQI-.3 
RGAS 221

PRIj RGAS 222
GO TO 42 RS 23

84 IFPEAL-AN(NUP)) 87.87.88 RGAS 22

87 8128 8645 225
GO TO 91 8645 22?

88 P2=9RGS 
2

GO TO 90 RGAS 229

44 IF(F-.000001) 27,444.44' RGAS 229

U 192



NSWC/WOL/TR 77-28

C..OUTSIDE GAS TAR'ES. RGAS 230
444 NT14ES=NTI'4FS.1 RGAS, 231

wRITE (6, 190) RGAS ?3?
190 FORUAT(IH0,10X936HOUTSIDE TABLES IN RGAS FNTERING WITH) RGAS 233

WRITEC6,191) PX RGAS 234.
191 FORMAT( 1 X,PHP=qE13.6) RGAS 23

IF(NUMS) 192.1939193 RGAS 3
192 CONTINUF RGAS 237

wPITE(6.194) RX RGAS 239
194 FORMAT Cl X,2HR=E13.6) RGAS 239

GO TO 196 RGAS 240
M9 CONTINUE RGAS 241

WRITE(6.195) Sx RGAS 242
195 FORMATC11X92HS=,E13.6) RGAS 243
196 IFITIMES-1O) 109.197,197 RGAS 244
197 CONTINUE PGAS 24-5

WRITE (6.198) RGAS 2.
199 FORMAT(20X92BNEXIT CALLED ON TE4JTH FAILURF) RGAS 247

GO TO 25 RGAS 248
70 Z=Z'SQRT(-1.0) RGAS 249
25 CALL EXIT RGAS 250

C..REAL GAS BUT BELOW GAS TABLES. RGAS 291
27 L=B RGAS 252

P=PX RGAS 253
R=RX RGAS 254
LIxQ RGAS 255
GO TO 26 RGAS 256

C..PERFECT GAS RGAS 257
B L=O RGAS 258

Llm RGAS 259
26 CONTINUE RGAS 260

IF (NUM5)440,69970 RGAS 261
440 QUOT ;P/R RGAS 262

GO TO (6596696796B.69)oNUM RGAS 263
69 EX=S-ANP(L+A) RGAS 264

EX=EXPtEX/4-NR(L+3) ) RGAS 20AS
R=P/X)ONRL*)RGAS 266

QUOT=P/R RGAS 267
GO TO 67 RGAS 268

68 SzANR(L.8).ANR(L.3)*IALOG(P)-ANQ(L.2)eALOG(R)) RGAS 269
67 TzQIOT/ANR (L*1) RGAS 270
68 H=Q(JOT*ANR(L*61 RG&S 271
65 LL=L+Ll ROAS 272

A=S(RT (ANR (LL) *OUOT) RGAS 273
30 AX=A RGAS 27'.

HX=H PGAS ?75
TX=T RrAS 27'
5X=S RGAS 277
RX=R RGAS 27q

109 CONTINUE RGAS 279
RETURN RGAS 2 Ft0
END RGAS 211
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SUHDOUTINE PGAS(PX#RX.QX.Nl( HPGAS 2
flI"'NSION NrL(4.11iHNDLJ(4,i1(,MiOL(4,11),TH(5,600) HRGAS 3

CfMON/SAkr-/PO .RO,.V .0.E ,P4.NDL ,NDIJNIOL ,THRTOSQPORO, CAX .CMX HPGAS 4
COM"4N/RGASS/AX. HX.TXQQXGX,NTEST.NGAS HRGAS 5

COmON/CSECH/FTH(60n(.NLNUNOUT.NEP HRGAS 6
P=AiQG Or(PEP(/2.30258S1 HRGAS 7

P=ALOG (PX/PO( /2.3025891 HRGAS 8

(I (P( 1.12.13 HRGAS 9

11 N~Q-1.n HGAS 10

1~iNP.LT.-7)NQR-7 HRGAS 11
GO TO IS HPGAS 12

12 NP--i. HRGAS 13
60 TO IS HRGAS 14

13 NRSR HPGAS 15
IF (NR.GT.2) NR2 HRGAS 16

15 OX=P-FLOAT(NP) HRGAS 17
NP =N~R.* HRGAS 18

HRGAS 19

ENToY APGAS HRGAS 20
IF (F) 1SA.160,160 HRGAS 21

158 TF(F.GT.-1.nE-08)F=0.0 HRGAS 22

160 1F(F-.000001 (2791619161 MRGAS 23
161 IF(FM.LT.F)GO TO 44 HRGAS 24

NL=NDL (Ni ,NP) HRGAS 25
NU=NDU (NI ,NP) HRGAS 26
NEPZMIDL (Ni .NR) HRGAS 27
CALL SERCH HRGAS 28
Y1=TH(1.NOUT(.F*(TH(2,NOUT).V*(TH(3.NOUT).F*TH(4,NoUT))) HRGAS 29

NL=NDL (Ni ,NR.I 1 (HSAS 30

NER=MIDL INk .NR.1) MRGAS 32

CALL SEPCH HRGAS 33
Y2=T14(lNOUT).F*(TH(2,NOUT).F*(TH(3,NOLIT).FOTH(4,NOUT))) HRGAS 34
HX=PTO* Yn'1*X*(Y2-YJ) ) HPGAS 35
TF('jl.EO.2).PETURN HPGAS 36
OX$-JX/ PTO*SQPOPO( HRGAS 37

OXQOXHRGAS 38
PETliRN HPGAS 39

27 IF(NI.Eo.1((GO TO 28 HRGAS 40
HX=rHX*PX/RX HRGAS 41

RETuPN HRGAS 42

29 OA=CAX*PX/RX HRGAS 43
PFT(JRN HRGAS 44

44 WPITE(6.190) HRGAS 45
190 FOPMAT(1HI1.OUTSIOE GAS TABLES*) HRGAS 46

STOP HRGAS 47

END HPGAS 48
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SUIOUTINE SERCH SERCH 2
CO04UONi/CSERCH/X.Q(600) ,NL.NUNOUT.NFR SERCH 3
NOUT=TOOOO EC4

IF(X.GE.O(NFPfl NL.NER SERCH 5
D0 10 T=NLNU SERCH 6
!F(X.LT.Q(II) PETURN SERCH 7
NOUT=! SEACH 8

10 CONTINUE SERCH 9
RETURN SEACH 10
ENr) SERCH 11
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SUt8POUTINE LOCATE(NF.NT( LOCATE2 2

C LOCATE 3

C NF IS THE NUMRER OF THE FILE LOCATE 4
c NT IS THE NUM'REP OF THE TAPE LOCATE 5

C LOCATE 6
PE"INO NT LOCATE 7
IF (NF *LE. 1) GO TO 999 LOCATE 8
IF=NF-I LOCATE 9

DOl'i o I=1.IF LOCATE 10
25 PEA) (NT) Dum LOCATE 11

IF (EOF(NT)) 50.25 LOCATE 12
50 CONTINUE LOCATE 13

999 RETURN LOCATE 14

END LOCATE 15
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SLJIPOUTINE SHFAX(I.NOIMMDIMRNUNVNWNPN,ONCPPCZOCON.CN.CNO. SHFAX 2
1 CPHIO) SHFAX 3

C SHFAX4
C THIS ROUTINE SHIFTS Z AXES BY A PAR~ALLEL DISPLACEMENT OF ZAS SHFAX 5
C SHFAX 6

COMMON NCMC,K,PINFOINF ,PMIO, DYAW.PI .PAfl NEWCOM 1
COMMON YZ(3),YP-I(3)Ct25),CZ(?' ,CPHI(?b)sR(20,?5) NFWCOM 2
COMMON 0(?0,?5),P(?O,?q)qU(?O,?5IV(209?5),W(209?5),ASG(20,25) NEWCOM 3
COMMON CU(4,?0,?SI ,CUP(4,2092b) NEWCOM 4

C *' END OF PLANK COMMON CD3CSS 32
COMMON /CIHENT/ 7f31315).ALNSDSTAUQNBFTARSNCENUFDELIgnELTA NEUCOM 5
I ,COSRN.eLOSO.7mAXSPID?,TANRNIBN,HN,THFTABN CBENT 3
COMMON /CBOnY/ ZBZZUPHPHI.PZPHI,TANCO,DPLZ CBODY 2
I ,PHI(25).R(?5),R/(? ),RPHI(25IoCOSPHI(2S),SINPHI(25) CRODY 3
COMMON /CINTEG/ FNFY.FA.MX,MY,"ZFNZFYZFA2,MXZMYZMZZ CINTEG 2
1 ,0YD39MAGY(25) CINTEG 3
REAL MX.MYMZMXZMYZMZZ CINTEG 4
COMMON /BLKO4/ GAM'MAGBGO.GE,0A2,DOXODYHOT2.ELIMLCNT, ISWSMONA OLK04 2
1 *SW(?5I,(M(?0,25) BLK04 3
DIVENSION RN(NDIM,MDIM),UN(NOIMMDIM)VN(NlIMMOIM) SHFAX 9
I ,wN(NDIM.MDIM) ,PN(NOIMMDIMI ,ON(NDIMMDTM) SHFAX 10
DIMFNSION CPP(1),CZO(I),CON(1I oCN(l),CNO(1),CPHIO(l) SHFAX 11
NA=NC-1 $ MA='MC-1 SHFAX 12
GO TO (1OtII)9I SHFAX 13

10 ZAS=AMIN1(ZmAXS.HN) S HN=HN-ZAS SHFAX 14
OELII=DELII*ZAS S GO TO I? SHFAX 15

11 7AS=HN $ HN=0 S DFLII=OELII4?AS SFX 1
12 SHFE=AoCSN*2BN*)AQ SHFAX 16

OELTA=DELTA4SHIFnEL SHFAX 18
DO 1 M=1,MC SHFAX 19
CPP(M)=ATAN?(C(M)*SINPHli(M) C(M )*COSPHI (M)-ZAS) SHFAX 20

[ IF (CPP(M) .L-T.-I.E-8) CPP(M)=CDP(M,+2.*PI SHFAX ?1
I CNO(M)= SQRT(C(M)**2-2.*C(M)*COSPMI CM)eZAS.ZAS*ZAS) SHFAX 22

CPP(1)=0. S CPP(MC)=PHIO SHFAX 23
CALL INTRPL(MC,CPPoCMCPHICON) SHFAX 24

CALL INTRPL IMC.CPPCNO,MCsPHIqCN) SHFAX 2
CALL INTRPL (MCCPPCZ.MCoPHI .CZO) SHFAX 26
CALL INTRPL(MC,CPPCPH1,MCPH1,CPHIO) SHFAX 27
DO P M=19MC SHFAX 28
CA=ATAN2(CN(Mfl*SINPHI(MuCN()OCOSPHCV),7AS) SHFAX1 1
CP?=S1N(CA) S CA=COS(CA) SHFAX 30
SCIR=CACP2CPHIO (M( /CON (N) SHFAXI 2
TCR=CA*CPHIO (N)/CON (MI -CP? SHFAX1 3
UCR=SCR*COSPHI (M)-TCR*SINPHIMI SHFAXI 4
CZ(4)=CZO(M)/UCR SHFAXI 5
CPHI(M)=CN(M)*(SCR*SINPHI(MITCR*4CnSPHn(M)lUCR SHFAX1 6
SI=FPSQ*SIN4PHIINI**2*1. S SCA=COSP1I(M.4bPFLTA SHFAX 36
R(I.M)=(SORT(SCA*SCA.(RETAOELTA)*(PETA-DFLTA).SlI-SCA)/SI SHFAX 37

R.N9M=N(;SHFAX 38
ROIF= (R (NCM _R (19M)I/NA SHFAX 39
DO 3 N=?,NA SHFAX 40

3 P (NMI =R(1 M) (FLOAT (NI-i * I RDIF SHFAX 41
2 CONTINUE SHFAX 42

DELTA=0FLTA-SHIF0E.L SHFAX 43
DO 20 M=19MC SHFAX 44
PHN=PHI (M) SHFAX 45
DO 20 N=1,NC SHFAX 46
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RNC=R((N ,M) SHFAX 47
ROC=S a RT(p',C**?..4R~lC*COSPHI(M)*ZAS+ZASQ7ASI SHFAX 48
P'L=A J KCSINHI" NOO lV)* S SHFAX 49
IF (PHO *LT.-I.E-8) PHO=PHO*2.OPI SHFAX 50
IF (M .E0. PC) PHO=PHI0 SHFAX 51
SINPrlO=SIN(,HO) S COSPHO=COS(PHO) SHFAXI 7
S1=EPSQ*S1XL)'HO**;)*. S SCA=COSPHO

0
DELTA SHFAXI 8

HOD =(~TSASA(IT+)LA*cEADLA*l-C)S SHFAX 53
CALL INTRPLP(MCsPHI,Cv,PHO.COO) SHFAX 54
XUP= (POC-0'Offl/ (COO-)lOO) SHFAX 55
YOP=PH-O/PHIO SHFAX 56
XOFF=XOP*FLOAT (NA) +1. SHFAX S7
J=INT (XOFF) SHFAX 5 8
XOFF=XCFF-FLOAT (J) SHFAX 59

YOFF=YOP*FLOAT(mA) .1. SHFAX 60
L'=INT (YOFF) SHFAX 61
YOVF=YOFF-FLOAT (L) SHFAX 62
IF(J.LT.NC) GO TO 25 SHFAX 63
J=NA S XOFF=l. SHFAX 64

25 IF(J.GT.0) GO TO 30 SHFAX 65
J=I S XOFF=Q. SHFAX 66

30 IF(L.LT.MC) GO TO 35 SHFAX 67
L=MA S YOFF=1. SHFAX 68

35 IF(L.GT.0) GO TO 40 SHFAX 6
L~1 S YOFF=0. SHFAX 70

40 XY='XOFF*YOFF SHFAX 71
PN(N,M)=P(JqL)*(.-XOFYOFF.XY),P(JIL)(XOFF-Xy),P(JL)*(OFF SHFAX 72
1 -Xv) .P(J# 1.L* 11 XY SHEAX 73
D)N(Ntf)=D(J.L)*(1.-XOFF-YOFXY).O(J.1,L)*(XOFF-XY).O(JL.1)*(YOFF SIHFAX 74

1 - XY) .(J.1 .L*1 )XY SHFAX 75
UNrJ.=UUoL*UL.-XOFF-YOFF+XY),U(J,1,LbO(XOFF-XY)*U(JL.1)*(YOFF SHFAXI 9
1 -XY) +U(J+I .L*1 )*XY SHFAX 77
VNNP=V(J.L)*(1 .- XOFF-YOFXY)V(J.1,L[O(XOFE.X),V(JL+l)*(YOFF SHFAXI 10
1 -XY)+V(J+1.L.1)XY SHFAX 79

SCR=VtJNm*S I NqPH0-LlN1NM*COSPHO SHFAK 1 11
T C = UN NY * Si 'HO * -V. N N * CO S pH SHEAXI 12
UN(N4,m)=TCOO~SINPHI(M)-SCR*COSPHI(m) SHEAX1 13
V(N(NN)=SC4P*SINpP 4()TCR*COSPHI(m) SHFAX1 14

20 CONTINUE SHFAX A 0
DO 100 U=1,mC SHFAX 81
C (M)=CN (N) SHFAX 82
00 100 N=19NC SHFAX 83
P (%, k) =PN (NM) blEAX P4
D (No Ni) =ON (Nj MP) SHFAX 85
U (No M) =UN (No 1) SHFAX 86
V (No , ') = VN (No M) SHA)

100 CONTINUE SHFAX '12
O ELTA=L)FLTA+SHIFDEL. SHFAX 93
MY=.AY-ZAS*FA S MZ=MZ*ZAS*FY SHFAX 94

9 RFT'JPN SHFAX 95
END SHFAX 96
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SUBPOUTINE SHFAXD(INOIM.MOIMCVCVPCPC70,CON,CN.CNOCPHTO) SHFAXO 2
DPMFNSION CV(NOTMMOIM*)CVP(NDI4.MD14.4) SHFAXD 3

OIMFNSION C70(1) .CON(1) ,CNC1) .CJO(IJ ,CPHIO(I),CP(l) SHFAXD
CALL SHFAX(T.NnImmD!MCV(1,1,1) .CVtlI,2),CV(1.1,3) ,Cv(l,1,4). SHFAXD 5

1 CVP(l~ll)*CVP(lql,2)9CP 9CZOCONCNoCNCPt410) SHFAXO 6
RE T!JRN SHFAXO T

END SHFAD
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S***UBROUTINE RO O D Y ( M )BODY 2
SBODY 3

C BODY 4
C THIS ROUTINE COMPUTES THE RADIUS OF THE ROnY AND DERIVATIVES ALONG BODY 5
C THE 40DY AT A GIVEN Z#PHI VALUE. THE Z VALUE IS IN COMMON AND THE BODY 6
C PHI VALUE IS PASSED AS AN ARGUMENT THROUGH THE PARAMETER M. BODY T
C NOTE THAT 7 IS ASSUMED TO BE INCREASING. BODY 8
C BODY 9

Ce...***..**..,.*...**.....*....*................eBODY 10
COMMON /CBENT/ ZB125).ALNSOSTAUONBETA.RSNCENUFDELIODELTA NEWCOM 5
I .COSRNEPSO.ZMAXSP1D2,TANBNIBN.HN.THFTABN CBENT 3
COMMON /CBOflY/ ZoBZZBPHPHI.BZPHITANCO.DFLZ CRODY 2
1 ,PHI(25),B(25),BZ(25),BPHI(25),COSPHI(?S),SINPHI(2) CBDDY 3
DIMFNSION ZW(S),THETAW(S),ZL(5),THETAL(S),ZS(52.THETAS(5) BODY 13
DIMENSION ZCONEO(1)*ZCONE(8) ,ACONE(A) BODY 14
NAMELIST/BOOYRO/NCONEIRNDIEFL.ACONEZCONFZRNnoRRNDZFLARE BODY 15
1 THFTAFLTHF.TAGLNWNS.NLIFW, IFS. IFL.ZWZS.ZLTHETAMTHETAS BODY 16
2 ,PHISTHETALHFWHFSHFLZFWZFS.ZFLFAWFAS.FAL BODY 17
3 ,IBNTHETABNvXLVDELIICENUF CORDI 5
DATA (ICONE=O) BODY 20
DATA (ZLAST=0.) BODY 21
IF (Z *NE. ZLAST) ICSzICL~l BODY 22
PH=PHI CM) BODY 23
IF (PH .LE. PI) GO TO 2 BODY 24
PH=TPI-PH S SCC2-1. BODY 25
SINPHICM) :-SINPHI (M) BODY 26
GO TO03 BODY 27

2 SCC=1. BODY 28
C BODY 29
C COMPUTE THE RADIUS OF THE BASELINE BODY AT ANGLE PHI=PHI (mI BODY 30
C BODY 31

3 IF (Z *GT. ZOAR) GO TO 29 BODY 32
IF(Z.GT.ZBB(M)) GO TO 25 BODY 33
BM=9(Ml=SGRT(I.-(1.-Z)**2) BODY 34
BZ(M)2(1.-Z)/Bm SBPMI(M)=BZPHIBRPHPHI2O. BODY 35
8ZZ=-1./BM'Ul..(1.-Z)*RZ(M)/sM) BODY 36
GO TO 1000 BODY 37

C ** VERSION 3 OF TRANSITION REGION FOR 4ENT CONE *BODY 38
25 IF (Z *EQ. ZLAST) GO TO 42 BODY 39

BETAz(COSBN. (Z-1. I*BSN) 'BCN/AUQN BODY 40
DELTA2CSINBN* (1.-Z)*COSBN-BSN) .OELII.(CDSBN*2-BSN**2) )/ACJQN BODY 41

42 IF (Z .LE. ZEN) GO TO 43 BODY 42
IF (Z .EQ. ZLAST) GO TO 4 BODY 43
STMPzBBBAR.TANNS.Z BODY 44
COSPHSS CDTIL2-Z'COTOV2) /BTMP BODY 45

4 IF CCOSPHI(M) *LT. COSPHS) GO TO 43 BODY 46
8(M)=BTMP BODY 47
AZCm) =TANNS BODY 48
BZZ=BPHI CM)=BZPHIzBPHPHI=0. BODY 49
GO TO 1000 BODY s0

43 S2xSINPHI(M)*02 BODY 51
scR2EsEPo*s2*. BODY 52
SCA=COSPHI CM) DELTA BODY 53
BCmp=8MzCSQRT(SCA*SCA.EBEITA.DELTA*C(BETA-DELTA)*SCP)-SCA)/SCP BODY 54
TCR=SCR*BM#SCA BODY 55
BZ(M)zBZM=(RETAeBETAP-nELTAeDELTAP-RM.CDELTAP.COSPHI (M).BM'EPSnP* BODY 56
1 S2,2.fl/TCP BODY 57
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RP-1[(M)=PTM=HM*SINPH1(M)*(DELTA-RM*EPSQ*COSPH(M))/TCR BODY 5
9ZPHI=(RPHItUCSPHlI(M)*(fELTABSZM/8m4DELTAPL-BM*SINPHI(M)*(EPS0* BODY 59
1 HZ*OPIm-FTPESP(PHMSNH()B*~PIM) BODY 60
? )/TCR Bony 61
RPPI(ET*RHM0*OPI4/R+MCSH~)kHMSPlM~4 BODY 6
l)4*PG(M(2CSH~)*)-.RHMSNH()CSH~)) BODY A3
2 TCP BODY 64
8ZZ=(-8ZMO().@FPSQP4BM*S2.AMOSCP*2.@DELTAP*COSPHI(m)).BFTA* BODY 055
IHTAPP,8ETAP.*?2-ELTAP**2-DELTAPP(DFLTAB4*COSPIIMfl-Bu.*2 BODY 66

2 -EPSQPP-S2,2.)/TCR BODY 67
GO TO 1000 BODY 68

29 CONTINUE BODY 69
IF(TPND.EO.n) GO TO 30 BODY 70
IF'(7.LT.ZRNO) GO TO 30 BODY 71
1RNno0 BODY 72
BPNn=DELZ *ZPNDOTANCO BODY 73
BRAP=COS (ACONE (NCONE) *PI/180. BOD 7
RCEN=BRND-.RPND*BRAP BODY 75
ZCEN=ZRND.NPND*S INCO BODY 76
ZBASEsZCEN+PRND BODY 77

30 IF(Z.LT.ZFLARE) GO TO 35 BODY 78
IF(IEFL.EO.n) GO TO 33 BODY 79
IEFL=O BODY 80
PCODELZ+TANCO*ZFLAPE BODY 81
TNFLR=TAN THETAFL*RAD) /RC BODY 82
TNGLR=TAN CTHETAGL*PAD) /RC BODY 83
RC2=RCOPC BODY 84

GZSQ=TNGLP**2 S FZSQ=TNFLP**? BODY 85
33 IF (Z E~Q. 7LAST) GO TO 35 BODY 86

GLZ=1.. (Z-ZFLARE) *TNGLR BODY 87
GSQ=GLZ*GLZ S GGZ=GLZ*TNGLR BODY 88
FLZ= I..(Z-ZFLARE)*TNFLR BODY 89
FSG=FLZ*FLZ SFFZ=FLZ*TNFLR BODY 90

35 IF(Z-ZCDNE(TCONEn)50.40*4O BODY 91
40 RCONE=OELZ-rANCO*ZCONE(ICONE) BODY 92

ICOftE= ICONE. I BODY 93
TANCO=TAN (ACONE ( CONE) OPI/1BO.1 BODY 94
DEL7=8CONE-TANCO*ZCONE C NE-1) BODY 95
IF(ZCONE(IC0NE).LE.ZWW) GO To 31 BODY 96
ZWU=ZWW BODY 97
BWU=DELZ*ZWIJ4TANCO BODY 98
TANW=TAN CTHETAW (1) *AD) BODY 99
ZWW=1 .EGS BODY 100

31 IF(7CONE(ICONE).LE.ZLL )Go TO 32 BODY 101
ZLJZLL BODY 102
RLIJ=DELZ*ZLUOTANCO BODY 103
TANL=TAN(THlFTAL( 1)*PAD) BODY 104
7LL=1 .EOB BODY 105

32 IF(ZCONE(ICONE.LE.ZSS) GO TO 35 BODY 106
ZSU=ZSS BODY 107
ZSS=I.EO8 BODY 108
BSUwDELZ. ZS1J*TANCO BODY 109
TANS=TAN CTtiETAS (1) *AD) BODY 110

GO TO 35 BODY ill
50 IF(7.LT.ZPNn)26v27 BODY 112
27 PR=QCEN.SQPTCRRND..2-(Z-ZCEN)*.2) BODY 113

GO TO 100 BODY 114

i*
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26 IF17.LT.ZFLAPE1 GO TO 28 BODY 115
COSSQZCOSPHI (M)**2 S SINSQ1I.-COSSO BODY 116
COSPCOSSU-SINSO S SIN2P=2.*SINPHI(M*CnSPHI(M) BODY 117
RB8RCOSQRT (FSQ*COSSQ#GSQ*SINSO) BODY 118
GO TO 100 BODY 119

28 RB=nELZ.Z'TANCO BODY 120

C100 IPTQ=1 BODY 121
CBODY 122

C COMPU.TE THE nISTANCE TO THE SIDE-CUT PLA'4E BODY 123
C BD ?

IF(IS-11 1409110,120 BODY 125

110 IF(Z.LT.ZS(ISU)GO TO 140 BODY 126
IS=IS.1 BODY 127

120 IF(7.LT.ZS(ISflGO TO 130 BODY 128
9SU=BSU. (ZS(IS) -ZSU)*TANS BODY 129
ZSU=ZS (IS) BODY 130
TANS=TAN(THETAS(IS)ORAD) SIS=IS.1 BODY 131
IF(IS.NE.3) GO TO 120 BODY 132
IF(rFS.EQ.0) GO TO 120 BODY 133
BFST=BSU S BFSF=BSU*TANFS*ZFS S ZFS=ZFS+ZSU BODY 134
ZFSI2ZSU BO0Y 135
GO TO 120 BODY 136

130 IFCABS(PM-PHIS)-PID2.GT.-1.E-05) GO TO 140 BODY 137
RS=(BSU. (Z-ZSU) *TANS) /COS (PHIS-0H) BODY 138
IF(RS.GE.RB)GO TO 140 BODY 139
IPTR*2 S R~wRS BODY 140

C BODY 141
C COMPUTE THE DISTANCE TO THE LEE-CUT PLANE BODY 142
C BODY 143

140 IFtIL-1?180,150,160 BODY 144
150 !F(Z.LT.ZL(lflGO TO 180 BODY 145

IL=IL.1 BODY 146
160 IF(Z.LT.ZL(IL)) GO TO 170 BODY 147

BLU=BLU.(ZL(IL)-ZLUJ*TANL %ZLUzZL(IL) STANL=TANtTHETAL(ZLI*$PAD) BODY 148
IL=IL.1 BODY 149
IF(TL.NE.3) Go To 160 BODY 150
IF(IFL.EQO GO TO 160 BODY 151
BFLr=BLU 5 RLF=BLU.TANFL.ZVL S ZFL=ZFL*ZLU BODY 152
ZFLI-ZLU BODY 153
GO TO 160 BODY 154

170 IF(PH.LT.PI02*1.E-05) GO To 180 BODY 155
RL=-(8LU. (Z-ZLU)'TANL) /COSPNI (M) BODY 156
IF(PL.GE.RB) GOTO 180 BODY 157
rPTR=3 SRRORL BODY 158

C BODY 159
C COMPUTE THE DISTANCE TO THE WrND-CUT PLANE BODY 160
C BODY 161

180 IF(TW-1U30091909200 BODY 162
*190 IF(Z.LT.ZW(l))GO TO 300 BODY 163

1W21W*1 8ODY 164
200 !F(Z.LT.ZW(IWflGO TO 210 BODY 165

q. WUOBWUO(ZW CIW)-ZWU)*TANW BODY 166
ZWUaZW(IW) STANW2TAN(THETAW(IW)*RAD) SIWZIW.1 BODY 167
IF(Iw.NE.3) GO TO 200 BODY 168
IF(IFW.EQ.O) Go TO 200 BODY 169
BFWTISWU S BFWFsBWU*TANFW*ZFW S ZFWUZFW*ZwU BODY 170
ZF41ZWU BODY 171
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0 TO 200 BODY 172
210 IF(PH.GT.PIn2-I.E-05) GOTO 300 BODY 173

RW=(BWU*(Z-WU)*TANW)/COSPHI(M) BODY 174
IFCRW.GE.RB) GO TO 300 BODY 175
IPTQ=4 SRR=RW BODY 176

300 B(M)=RB BODY 177
C BODY 178
C ITPR NOW CONTAINS A POINTER INDICATING WHICH OF THE ABOVE COMPUTED BODY 179
C DISTANCES IS MINIMAL. BODY 140
C IF IPTR=I THEN THE MINIMAL DISTANCE IS TO THE BASELINE BODY. BODY 181
C IF IPTR=? THEN THE MINIMAL DISTANCE IS TO THE SIDE-Culj PLANE BODY 182
C IF IPTR=3 THEN THE MINIMAL DISTANCE IS TO THE LEE-CUT PLANE BODY 183
C IF IPTR=4 THEN THE MINIMAL DISTANCE IS TO THE WIND-CtJT PLANE BODY 184
C BODY 185
C THE ROUTINE THEN TRANSFERS TO THE APPROPRIATE SECTION OF THE CODE BODY 186
C FOR COMPUTATION OF DERIVATIVES. BODY 187
C BODY 188

GO TO (Q004009S009600),IPTR BODY 189
C BODY 190
C SIDE CUT BODY 191
C CHECK FOR FLAP AND COMPUTE QUANTITIES NEEDED TO CALCULATE THE BODY 192
C DERIVATIVES. BODY 193
C BODY 194

400 IF(IFSeIS.LE.2) GO TO 460 BODY 195
IF(ICS.EQ.O) GO TO 430 BODY 196
ICS=0 BODY 197
RSzRSOCOS(PH-PHIS) BODY 198
PHIFS=ATAN(HFS/RS) BODY 199
IF(Z.GT.ZFS)4109420 BODY 200

410 RSF=BFSF BODY 201
PHITSmATAN(HFS/RSF) BODY 202
TANFS=O BODY 203
GO TO 425 BODY 204

420 RSFBFSI*CZ-ZFSI)eTANFS BODY 205
PHITS=ATAN(HFS/RSF) BODY 206

425 IF(RSF.GT.RS) GO TO 430 BODY 207
IFS=0 S GO TO 460 BODY 208

430 IFCABS(PH-PHIS).GE.PHIFS) GO TO 460 BODY 209
IF(ABS(PH-PHIS).GT.PHITS) GO TO 450 BODY 210
COSu=COSCPH-PHIS) BODY 211
TANU=TAN(PH-PHIS) BODY 212
B(M)zRB=RSF/COSU BODY 213
BZ(m)=TANFS/COSU BODY 214
GO TO 800 BODY 215

450 SINUxSIN(PH-PHIS) SCOSU=COS(PH-PHIS) BODY 216
B(M)=BM=ABS(HFS/SINU) BODY 217
GO TO 700 BODY 218

460 COSIJ=COS(PH-PHIS) BODY 219
TANU=SIN(PH-PHIS)/COSU BODY 220
BZ(M)zTANS/COSU BODY 221
GO TO 800 BODY 222

C BODY 223
C LEE CUT BODY 224
C CHECK FOR FLAP AND COMPUTE QUANTITIES NEEDFD TO CALCULATE THE BODY 225
C DERIVATIVES. BODY 226
C BODY 227

500 IF(IFL*IL.LF.2) GO TO 570 BODY 228
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IF(UCL.EQ.0) GO TO 540 BODY 229

ICL=0 
BODY 230

PL=-PLOCOSPHI (MY 
BODY 231

PHIFLOATAN (HFL/AL) 
BODY 232

IF(Z.LE.ZFL) Go TO 530 BODY 233

ALFZBFLF 
BODY 234

PHITL=ATAN (H.FL/PLF) 
BODY 235

TANFLzO 
BODY 236

GO TO 535 
BODY 237

530 HLF.BFLI.(Z-ZFLI)*TANFL 
BODY 238

PHI TLxATAN (HFL/RLF) 
BODY 239

535 IF(RLF.GT.PL) GO TO 540 BODY 240

IFL-0 
BODY 241

GO TO 570 
BODY 242

540 IF(ABS(PI-PH).GE.PHYFL) GO TO 570 BODY 243

IFCABS(PI-PH).GT.PHITL) GO TO 560 BODY 244

CosusCOSPHIcM) 
BODY 245

TANUwSINPHX M)/COSU 
BODY 246

B(M) sRB=-RLF/COSU 
BODY 247

BZ (M4 -TANFL/COSU 
BODY 24#8

GO TO BOO 
BODY 249

560 SINUSSINPHI (M) 
BODY 250

COSUSCOSPMI (1) 
BODY 251

A CM) sBM=MFL/SINU 
BODY 2S2

GO TO 700 
BODY 253

570 SZ(m)*-TANL/COSPHI (M) 
BODY 254

TANUsSINPHI (M) /COSPHI (M) 
BODY 255

GO TO 800 
BODY 256

C 
BODY 257

C WIND CUT 
BODY 258

C CHECK FOR FLAP AND COMPUTE QUANTITIES NEEDEn TO CALCULATE THE 
BODY 259

C DERIVATIVES. 
BODY 260

C 
BODY 261

600 IF(TFWOIW.LE.2) GO TO 710 BODY 262

IF (Z .EQ. 7LAST) GO TO 630 BODY 263

PHIFW=ATAN(HFW/RW) 
BODY 264

IF(Z.LE.ZFW) GO TO 620 BODY 265

PWF.BFWF 
BODY 266

PHITW=ATAN (NFW/PWF) 
BODY 267

TANFW=O 
BODY 268

GO TO 625 
BODY 269

620 RWF=BFWI*(Z.ZFWI)*TANFW 
BODY 270

PMITWuATAN (HFW/PWF) 
BODY 271

625 IF(RWF.GT.AA) GO TO 630 BODY 272

IFwz0 
BODY 273

GOTO 710 
BODY 27.

630 IF(ABS(PH).GE.PHIFW) GO TO 710 BODY 275

IF(ABS(PH).GT.PHITw) GO TO 650 BODY 276

COSUSCOSPHIEm) 
BODY 277

fTANUSSINPHICM) /COSU BODY 278

BZ(M)u TAMFd/COSU 
BODY 279

R (M4) R~wRWF/COSPHI (M) BODY 280

aGO TO 800 BODY 281

6S0 SINtisSINPH!rM) 
BODY 282

COSUSCOSPHI CMl BODY 283

C BP4)xBMzHFW/SINU 
BODY 285
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C COMPuTE OERIvATIVFS ON THE SIDE OF THE FALP. BODY 286
C BODY 287

T00 BZ(m)=BZZ=H7PHI=0. BODY 288
8PHI(M)=-H4.COSU/SINU BODY 289
BPHPHI=8M*(?./(SINUSINU)-l.) BODY 290
GO TO 1000 BODY 291

710 BZiM)=TANW/rOSPHI(M) BODY 292
TANu=SINPHI(M)/COSPHI(M) BODY 293

C BODY 294
C COMPUTE THE nERIVATIVES ON CUT OR TOP OF FLAP. BODY 295
C BODY 296

800 8PHI(M)=TANU*RB BODY 297
RZZ=0. BODY 298
BZPHIzBZ(M)TANU BODY 299
BPHPHI=RB2.*BPHI(M)*TANU BODY 300
GO TO 1000 BODY 301

C BODY 302
C COMPUTE THE DERIVATIVES ON BASELINE BODY. BODY 303
C BODY 304

900 IF(Z.LE.ZRND) GO TO 90S BODY 305
RZ=RB-RCEN BODY 306
BZM=BZ(M)=(7CEN-Z)/RZ BODY 307
BZZ=-(I..BZM.BZM)/RZ BODY 308
BZPHI=BPHPHI=BPHI(M)=0. BODY 309
RETURN BODY 310

905 IF(Z.LT.ZFLARE) GO TO 910 BODY 311
BZM=BZ(M)=RC2'(FFZCOSSQ.GGZSIJSQ)/RB BODY 312

BZZ=(RC2e(FZSQCOSSG.GZSG*SINSQ)-BZMBZ)/R8 BODY 313
BP=BPHI(M)=.S*RCZ*SIN2P*(GSQ-FSO)/RR BODY 314
BPHPHI=(RC2*(GSO-FSO) COS2P-BP*BPI/RB BODY 315
BZPMIC(RC2*SIN2P(GGZ'FFZ)BRPBZM)/R8 BODY 316
GO TO 1000 BODY 317

910 BZ(M!=TANCO $ RZPHIxBPHPHIzBZZ=BPHI(M)=0. BODY 318
1000 SINPHI(M)=SCC*SINPHI(M) BODY 319

RPHI(M)aSCC*BPHI(M) S RZPHI=SCCOBZPHI BODY 320
ZLAT=Z BODY 321
RETURN BODY 322
ENTRY tCOYR BODY 323

C BODY 324
C BODY 325
C THIS PART OF HE ROUTINE READS IN DATA DEFINING THE BODY BODY 326
C ANO COMPUTES VARIOUS PARAMETERS. BODY 327
C BODY 320
C*

o
*e*..**4*O~e.@*..*..*.oe

O
e.4.......

o
... e~eo..e*..e. ee~e. . BODY 329

C BODY 330
C NCONE DETERMINES THE NUMRER OF CONIC SECTIONS BODY 331
C lRND DETERMINES WHETHER THE END OF THE RODY IS ROUNDED. BODY 332
C (IRNn=! IF ROUNDED AND 0 TOHERWISE) BODY 333
C IEFL DETERMINES WHETHER THERE IS AN ELLIPTIC FLARE ON THE BODY 334
C END OF THE BODY. (IEFLsI IF THERE IS AN ELLIPTIC FLARE BODY 335
C AND IS 0 OTHERWISE.) BODY 336
C NEXT, FOR EACH CONIC SECTION. INPUT THE ANGLE OF THE CONE AND THE BODY 337
C Z VALUE WHERE IT ENDS. BODY 338
C IF THE BODY IS ROUNDED, INPUT THE Z LOCATION OF THE BEGINNING OF BODY 339
C THE POUND ANn THE RADIUS OF THE ROUNOING. BODY 340
C IF THE AFTERQOOY IS FLARED, INPUT THE Z LOCATION OF THE BEGINNING 0 BODY 341
C THE FLARE ANn THE ANGLE OF EXPANSION OF THE PHIzO AND 180 DEGREE BODY 342
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C AXIS AND THE ANGLE OF EXPANSION FO THE PHI=Q0 DEGREE AXIS. BODY 343
C BODY 344
C NW IS THF NUMBER OF SECTION OF THE WIND CUT BODY 345
C NS IS THE NUMBER OF SECTION OF THE SIDE CUT BODY 346
C NL IS THE NUMBER OF SECTION OF THE LEE CUR BODY 347
C NL IS THE NUMBER OF SECTION OF THE LEE CUT BODY 348
C IFW IS ONE IF THERE IS A WIND FLAP 0 OTHERWISE BODY 349
C IFS IS ONE IF THERE IS A SIDE FLAP 0 OTHERWISE BODY 350
C IFL IS ONE IF THERE IS A LEE FLAP 0 OTHEPWISF BODY 351
C BODY 352
C NOTE THAT ALL FLAPS BEGIN ON THE SECOND PAOT OF THE CORRESPONDING BODY 353
C CUT. BODY 354
C BODY 355
C NEXT. FOR EACH CUT SECTION INPUT THE Z LOCATION OF THE BEGINNING BODY 356
C OF THAT qECTION AND THE ANGLE OF THAT SECTION BODY 357
c BODY 358
C FINALLY. FOk EACH EXISTING FLAP INPUT THE HALF-WIDTH OF THE FLAP* BODY 359
C THE LENGTH OF THE FLAP ALONG THE Z AXIS. AND THE FLAP ANGLE. BODY 360
C BODY 361

PI=.*ATAN(I.) S RAD=PI/180. BODY 362
NCONE81 S ZRND=ZFLARE=I.EOR BODY 363
NWsNS=NLaIFW=IFSIFL=IEFL=IRND=0SIW=IL=IS=0 BODY 364
CENUFx.5 BODY 365
HN20. S IBN20 BODY 366
OELIIm0. BODY 367
PID22PI/2. BODY 368
PHIS=90. BODY 69
FAW=FASNFAL2O. BODY 370
REAO(5.BOOYRD) BODY 371
PID2=PI/2. BODY 372
TPrwPI#P[ BODY 373
ZCONEO(I)=0. BODY 374
ZCONE(NCONE =1.E08 BODY 375

1030 CONE=ACONE(1) BODY 376
ALNS=CONE COPPI 6
SINCO=SIN(CONEOPAD) S COSCO=OS(CONEORAD) BODY 377
IF(IBN.EQ.f) GO TO 1040 BODY 378

1045 CONTINUE BODY 379
ZBAR=I.-SINCO S BBARzCOSCO S GD TO 10S0 BODY 380

C *.* COMPUTE PARAMETERS FOR BENT NOSE 0*0 BODY 381
•1040 ALNSzALNS*RAD S THETARNaTHETABNeRAD BODY 302

BCN=COS(ALNS) S BSNUSIN(ALNS) BODY 383
COSRN=COS(THETABN) S SINBN=SI4(THETABN) BODY 384
TANBN=SINBN/COSBN BODY 3A5
TANNSmBSN/BCN S SNO22SIN(THETABN/2.: S CNO?=COS(THETABN/2.) BODY 3A6
DUMl=CNO2**?-BSN**2 S DUM2=XLV*CNO2/DUMI BODY 387
DUM3sI.-COSRN/RSN S DUM4ACNO2*tCOSPN-BSN**P) S nUM5=CN*RSN0SNO2 BODY 388
ZEN=DUM3*DUM2*(DUM4-DUMS) S ZBAR=OUM3+DUM7*(OUM4+DUMS) BODY 389
DUM6:(DUM2' CNO2*BCN**2-DUMS))*TANNS S 98RARzOUM6-ZEN*TANNS BODY 390
BBARzB8BAR*ZBAR*TANNS S COTOV2=CNO2/SNO BODY 391
OTIL2=DUM6#7EN*COTOV2 S HN=SINBN*(DUM2*CNO2-18/RSN)-DELII BODY 392
AUONu(COSBN*8CN3*e2-(BSNOSINBN)0*2 BODY 393
EPSOuSINBN*02/AUQN S EPSQP=EPSOPP*O. BODY 394
BETAP=BCN*BSN/AUGN BODY 395
BETAPP=O. S DELTAPs-SINBN*COSBN/AUQN BODY 396
0ELTAPPsO. BODY 397
OST=ZEN-.5 S ZkIAXS=CENUF*TANBN BODY 398
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1050 CONTINUE BODY 399
TANCO=S!NCO/COSCO BODY 400
OEL7=88AR-TANCO*78AR BODY 401
ZL (NL.1 )=l1.FO8 BODY 4A2
ZS CNS+1 =1 .FO8 BODY 403
ZW(PNw.1)=I.FOR BODY 4nl4
IF(NW.NE.0) IW~1 BODY 4n5
IF(NS.NE.0) 15=1 OY0
IF(NL.NE.0) IL1 BODY 407
PHI S=PH ISORAD BODY 408
TANFW=TAN (FAW*PAD) BODY 409
TANFS=TAN (FAS*PAD) BODY 410
TANFL=TAN (FAL*RAD) BODY 411

1640 ZLL=ZL(fl S ZWW=ZW(l) S ZSS=ZS(1) BODY 412
RE TURN BODY 413

2000 FflRMAT(T5) BODY 414
2001 FOWMAT(2FI0.4) BODY 415
2002 FOPmAT(3FlO.4) BODY 416

ENTRY BODYW BODY 417
C***********.*.**....*.*.*..eo...**.....e..*...*.*.BODY 418

C BODY 419
C THIS PART OF THE ROUTINE PRINTS OUT INFORMATION ABOUT THE BODY. BODY 420
c BODY '21

C*****.4.***....*......**....*....................BODY 422
IVERSONv3 BODY 423
WRITE (693000) IVERSON BODY 424
IFCIBN.EQ.IJ GO TO 3020 BODY 425
WRITE (693009) ZBARBBAR BODY 426
GO TO 3021 BODY 427

3020 WRITE(6,3100)ALNS/RADTHETABN/RADZEN BODY 428
3100 FORMAT(11XvOFORE BODY IS A SPHERICALLY BLUNTED CONE OF *,FIO.49 BODY 429

1 - DEGREES BENT AT AN ANGLE OF *vFl./11X9*THE BENT CONE ENDS AT BODY 430
2 *,FIS.7) BODY 431
WRITE(69311n)ZBAR98BAR BODY 432

3110 FORMAT(IlXt.THE RODY IS SMOOTHEI TO THE AFT BODY BEGINNING AT*. BODY 433
1 E15.7.* AND HAVING RADIUS *9E1S.7/11X,' THE AFT BODY IS A MULTIP BODY 434
?LE CONIC WITH 0) BODY 435

3021 CONTINUE BODY 436
WRITE(6,3010)(ACONE(I)ZCONEIU1,1NCONE) BODY 437
IF(IRND.EO.1) WRITE(6.3025) RRDDZPND BODY 438
IF(IEFL.EQ.1) WRITE(6,3030) ZFLARETHETAFL,THETAGL BODY 439
IF(NW.EO.0) GD TO 3060 BODY 440
WRITE (6,303S) BODY 441
WPITE(6.3040)(THETAW(I),ZW(1),I1,1Nw) BODY 442
IF( IFW.EQ.1) WRITE(693050)HFWgZFW.FAW BODY 443

3060 IF(NS.EQ.0) GO TO 3090 BODY 444
PHISzPHIS/RAD BODY 445
WRITE(6,3070) PHIS BODY 446
PHISzPHISORAD BODY 447
WRITE(6,3040)(THETASCI),ZS(1),I=1,NS) BODY 448
IF(IFS.EO.1) WRITE(6*3050) HFS9ZFSFAS BODY 449

3090 IF(NL.EQ.0) RETURN BODY 450
W~rTE (6*3099) BODY 451
WRITE(6,3040)(THETAL(I),ZL(1),I=1,NL) BODY 452
IF(IFL.EQ.H) wRITE(6 93050) HFLqZFLiFAL BODY 453
RETiURN BODY &454

3000 FORMAT(lH0,?0X,.PROGRAM BODY96X,*OVFPSION*.14) BODY 455
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3005 FORMAT(IIX,.BODY IS SPHERICALLY BLUNTED AND SPHERE ENDS AT Zz*. BODY 456
1 E15.7,2X99 WITH B=*,E15.7/lIX9* AFT BODY IS A MULTIPLE CONIC WITH BODY 457
2 *) BODY 458

3010 FONMAT(I6X,*ANGLE*vFIO.4,* UP TO *,FlO.4) BODY 459
3025 FORMAT(IIX,.THE REAR OF THE BODY IS ROUNDED WITH RADIUS*,FIO.4/ BODY 460

1 lIX90 THE ROUNDING BEGINS AT*, F10.4) BODY 461
3030 FORMAT(IlX,.THERE IS AN ELLIPTIC FLARE BEGINNING AT*, F10.4/ BODY 462

1 IlX,*THE WIND-LEE AXIS EXPANDS WITH ANGLE., F10.4.* AND THE SIDE BODY 463
2 AXIS EXPANDS WITH ANGLE** F10.4 ) BODY 464

3035 FORMAT(IIX,.THERE IS A WIND CUT OF*) BODY 465
3040 FORMAT(16X,'ANGLE',FIO.4q, BEGINNING AT'.FIO.4) BODY 466
3050 FORMAT(20X*OWITH A FLAP OF HALF-WIDTH*.FIo.4 LENGTH ALONG Z-AXIS BODY 467

1 *9F1O.4,' ATeFIO.4,* DEGREES*) BODY 468
3070 FORMAT(IlX,.THERE IS A SIDE CUT CENTERED AT LONGITUDEF1O.4, * OF BODY 469

I *1 BODY 470
3095 FORMAT(1iX,' THERE IS A LEE CUT OF*) BODY 471

END BODY 472
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SUBPOUTINE FIELD FIELD 2

C FIELD 3

C FIELD PRINTS THE DATA AT SOME FIX 7 FIELD 4

C FIELD 5

COMMON NC.MCKPINFO1NFPH10,IDYAwP.PAl NEWCOM I
COMMON YZ(3),YPHI(3),C(25),CZ(25),CPHI(25),R(20,25) NEWCOM 2
COMMON 0(20.25),P(20.25),U(20,25),V(20,?5),Wf20.251,ASQ(?O.25) NEWCDM 3

COMMON CU(4,20,25)iCUP(4,20925) NEWCOM 4

C *** END) OF PLANK COMMON *** CD3CSS 32
COMMON /CBENT/ ZBB(25).ALNSDST,AUQN,)8FTAPSNCENUFoELIIflELTA NEWCOm 5

1 ,COSONEPSOZMAXS.PID2,TANBN, IBN,HNTHETABN CBENT 3

COMMON /CBODY/ ZSZZBPHPHIBZPH9iITANCODFLZ CROnY 2

1 ,PHI(25)98(25)oPZ(25),8PHI(25)qCOSPHI(?S)gSINPHT(2S) CRODY 3

COMMON /COUT/ ACHATTA.YAWZENDXINDEF.VINFSINF COUT 2

1 *NTARGET*TARGETZ(100) COUT 3

C FIELD a

COMMON/RGASS/AXHXTXRAGXNTEST,NGASNFIRST FIELD 9

WRITE (693000) ACMATTA#YAW FIELD 10
DO 100 Mu19MC FIELD 11

HSPNI(M)/RAD S WRITE (693010) MH FIELD 12

WRITE(693800) HN FIELD 13
WRITE C6.3bn0) KZR(M),AZ(M),RPHI(M),C(M).CZ(M),CPMI(M) FIELD 14

WRITE (693700) FIELD 15

DO 50 N=1,NC FIELD 16

LMNC-N.1 FIELD 17

IF ((P(LM) *GT. 0.) *ANk). (D(LM) *GT. 0.)) GD TO 10 FIELD 1s

AMACHUSXUX IAOEF FIELD 19
GO TO 25 FIELD 20

10 CONTINUE FIELD 21

CALL RGAS(P(LM),D(LM),SX,4) FIELD 22

AMACHESGRT (U(L.M) **2.V(LM) **2.W(LM)'02) /AX FIELD 23

2S CONTINUE FIELD 24

GAt4C=1./(l.-P(LM)/(HX'D(LM))) FIELD 25
WRITE (6,3400) R(LM),W(LM),U(LH),V(LM),P(LM),D(LM), FIELD 26

ISX9A'4ACH9GAMC FIELD 27

S0 CONTINUF FIELD 28

100 CONTINUE FIELD 29
RE TURN FIELD 30

3000 FORMAT(lM1,.MACM NO IS*91PEIS.7,5X, FIELD 31

1 *ANGLE OF ATTACK ISO,1PE15.,5X,*ANGLE OF SInESLIP IS*#1PE1S.7) FIELD 32

3010 FORMAT(IMO,*PLANE*,14,3XOANGLE IS.,F?.29* DEGREES*) FIELD 33

3100 FORMAT(1H*,SOX,'WtNDWARD PLANE*) FIELD 34
3200 FORMAT(lH**S0X.*LEEWARD PLANE*) FIELD 35

3400 FORMAT(IH t1P9E14*4) FIELD 36

3600 FORMAT(lHO,'STATION',I5,4X,'Z IS*,IPE15.794X,'R IS*91PEIS.794X, FIELD 37

1 *BZ IS',1PEI5.7,4X9*qPHI I5',1PE1S.?*/. FIELD 38
2 Itxo'C rs*#IPE1S.79499*CZ I5091PFI5.7v4X**CP4I IS'.IPEIS.7) FIELD 39

3700 FOR4AT(1NORX,1HR,13X,1HW,13X,1.4U,13X, 1HV,13X,1HP,12X,3HRMO, FIELD '0

1 13X#IHS#13X*IHM,1 1X*5NGAMMA) FIELD '1

3800 FORMAT(11X90THE AXIS IS SHIFTED UP',F1O.49* UNITS*) FIELD 42

END FIELD 43

199
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SUHPOUTINE OUr OUT 2
C OUT 3

C OUT OUTPUTS THF WALL PRESSURES AND THE FORCES AND MOMENTS. OUT 4

C THIS ROUTINE IS EXECUTED AFTER CALCULATIONS APE COMPLETED. OUT 5

C OUT 6

COMMON NC.MC.K .P!NF.OINFPH-,IO, lYAWPI ,RAO NEWCOM I

COMMON YZ(3).YPHll(3),C(25),CZ(25),CPHI(?5),P(2O,25) NEWCOM 2

COMMON D(20.25).P(20,25),U(20,25),v(20,25),w(20.25),ASO(20,25) NEWCOM 3

COMMON CU,4.i?0,25),CUP(4920#25) NEWCOM 4

C *** END OF PLANK COMMON *** C03CSS 32

COMMON /COUT/ ACHATTA.YAWZEND,XINOEFVINFSINF COUT 2

1 *NTARGET,TARGETZ(100) COUT 3

COMMON /CB00Y/ Z,8ZZvBPHPHIq8ZP4J.TANCODEL7 CBODY 2

1 ,PHI(2S).8(25),BZ(25),8PHI(25)oCOSPHr(?5)gSINPHI(2) CSODY 3

COMMON /CINTEG/ FNFYFAMXMYNZFNZFYZ.FAZ.MXZMYZ.MZZ CINTEG 2

1 *0Y039MA.GY(25) CINTEG 3

REAL MX .MV,MZ ,MXZMYZmzz CINTEG 4

C OLT 8
COMMON/RGASS/AX.HXTXRRXGX.NTESTNGAS OUT 9

0114ENSION ZS(2),FNS(2),FYS(2),FAS12).MXSt2),mySf2).MZS(2) OUT 10

REAL MXSMySMZS OUT 11
DIMENSION P8(1) OUT 12

EQUIVALENCE (P8,8) OUT 13

NAMELIST /OIJTRO/ ZREFAREFZCvZOIPCID OUT 14

IF (ZREF .Eo. 0.) ZREF=ZEND*ZO CORRi 7

IF (AREF *GT. 0.) GO To 10 OUT 16

ZZZENO S CALL B00YM1 I R~xDELZ+TANCO*ZENO I AREF=PI*R9*02 CORP1 8

10 REWIND 16 S NPTS=O S Ml11 S MCMXzMC S MIP14RMI-14 OUT 18

CONT1Z.S*DINF*VINF**2/PINF OUT 19

25 NPTSxNPTS.1 OUT 20

30 MCS=MC OUT 21

READ (16) NC,MC.ATTAtYAWACHGAMMAPINFDINFPHIOKZ OUT 22

A ,NGASgNTEST*RRX OUT 23

I *FNFYFA.P4XMYMZFNZFYZ.FAZMXZ,4VZMZZ OUT 24

2 .(PHI(M).DUM9DUMvDUMvM=1,MC) OUT 25

3 ,(DUMOUMOUM.DUM,PR(M),DUM,4=1.MC) OUT 26

IF (ECF(16fl 200.50 OUT 27

50 M2=mINO(MC.m1P14) S IF (M2 *LT. Ml) GO TO 30 OUT 28

IF (MC .NE. MCS) NPTS~l OUT 29

IF (MOD(NPTS-1,38) *NE. 0) GO TO 75 AERO 1

WRITE (603000) ACHvATTA#YAWvZO OUT 31

3000 FORmAT(lH1,1OX,*MACH NO =*9F8.395X OUT 32

1 ,*ANGLE OF ATTACK =*9F8.3,SX,*ANGLE OF SIDESLIP =*9F8.3 OUT 33

2 .SXq*Z0 =*sF8.3) OUT 34

IF (IPCIO .FO. 0) WRITE (693020) OUT 35

3020 FOR4AT(1HO#15X,*S U R F A C E P R E S 5 U R E R A T I DO) OUT 36

IF (IPCID *NE. 0) WRITE (693025) OUT 37

302S F0i44AT(1H0.l0X#*S U R F A C E P R E S S iU R F OUT 38

1 *CO0E FF IC I ENTO) OUT 39

DO 60 M=Mlm2 OUT 40

60 PHI (?)=PHI (m)/RAO OUT 41

WRITE (693030) (PHI(M),Mu'41,M2) OUT 42

3030 FORMAT(IH ,SA,4HZ+ZO,15F8.1) OUT 43

WRITE (693040) OUT 44

3040 FORMAT(1H OUT 45

7S DO 62 M=MI.M2 OUT 46

62 PS(M~zPB(M)/PINF OUT 47

200
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MZ=MZS(I1)*(MZS(I2)-MZS(IIl*CONTI OUT 105
CN=XK0*FN S CA=XKO*FA S CY=XKO*Y OUT 106
CMX=XKI*(MX#ZCOFY) S CMY=XKI*(MY-ZC*FN) S CMZ=XKIMZ OUT 107
XCPP=XINDEF S XCPY=XINDEF OUT 108
IF (CN .NE. 0.) XCPP=ZC/ZREFCMY/CNZO/ZRFF OUT 109
IF (CY *NE. 0.) XCPY=ZC/ZREF-CMX/CY#ZO/ZRFF OUT 110

CY=-CY S CMX=-CMX S CMY=-CMY S CMZ=-CMZ OUT 111
ZZ=ZT*Zo OUT 112

WRITE (693330) ZZCNtCA.CYCMXCMYCMZXCPPXCPY OUT 113
GO TO 300 OUT 114

325 NPTS=0 S REWIND 18 OUT 115
350 NPTS=NPTS*1 OUT 116

READ (18) Z.FN.FYFAMXMYMZFNZFYZFAZMXZMYZtMZZ OUT 117

IF (EOF(18)) 425.375 OUT 118
375 IF (MOO(NPTS-1*38) .NE. 0) GO TO 400 AERO 2

WRITE (693200) OUT 120

WRITE (6,3340) OUT 121
WRITE (6,3350) OUT 122

400 CNZ=XKO*FNZ S CAZ=XK0eFAZ S CYZ=XKOOFYZ OUT 123
CMXZ=XKI*(MXZ*ZCOFYZ) S CMYZ=XKI*(MYZ-ZC*FNZ) S CMZZ=XK1*MZZ OUT 124

CYZ=-CYZ S CMXZ=-CMXZ s CMYZz-CMYZ S CMZZ=-CMZZ OUT 125
Z=Z#ZO OUT 126
WRITE (693360) ZZCNZCAZgCYZC4XZ,CMYZCMZZ OUT 127
GO TO 350 OUT 128

425 RETURN OUT 129
ENTRY OUTR OUT 130

C OUT 131
C OUT 132
C THIS PART OF THE ROUTINE READS IN DATA USED BY OUT OUT 133

C OUT 134
C OUT 135
C OUT 136

C ZREF IS THE REFERENCE LENGTH OUT 137
C AREF IS THE REFERENCE AREA OUT i 8

C :- IS THE Z VALUE THAT MOMENT COEFFICIENTS ARE TAKEN ABOUT OUT ii9
C ZO IS THE OFFSET DISTANCE FROM BEGINNING OF BOlY OUT 140
C IPCID = 0 MEANS PRINT SURFACE PRESSURE RATIO OUT 141
C = 1 MEANS PRINT SURFACE PRESSURE COEFFICIENT OUT 1(2

C OUT 143
ZREF=AREF=O. S ZCzO. S ZOO. S IPCID=O OUT 144
REAO (5,OUTRO) OUT 145
RETURN OUT 146

3200 FORMAT(lHI.36X.*A E R 0 D Y N A M I C D A T A*) OUT 147

3210 FORMAT(IH0,30X,*F R E E S T R E A M C 0 N 0 I T I 0 N S
o
) OUT 148

32J0 FORmAT(1H ,1OHMACH NO. =9IPEIS.6,3X,6X,17MANGLE OF ATTACK =, OUT 149
I IPEIS.693X,19HANGLE OF SIDESLIP =,IPFIS.6) OUT ISO

3230 FORMAT(IN 94X,6HVINF =.IPEIS.6,3X.23HTOTAL ANGLE OF ATTACK =9 OUT 151
I IPEIS.6.3X,2X*17HAERO ROLL ANGLE =91PEIS.6) OUT 152

3240 FORMAT(1H 94X,6HPINF =s1PEIS.6,3X,17X06HOrNF =9 OUT 153
1 iPEIS.6,3X,13X,6HSINF =*IPE15.6) OUT 151

3250 FO':MAT(1N .*PERFECT GAS (GAMMA =*.IPE1S.6,*)O) OUT 155
3260 FfiRMAT(1H **REAL GAS (GAS NUMBER IS*.I390)0) OUT 156

3270 FORMAT(IHO,32X,*R E F E R E N C E 0 U A N T I T I E SO) OUT 157
3280 FOkmAT(IH ,*REFERENCE LENGTH IS*9IPEI5.6#7X#OREFERENCE AREA IS*v OUT 158

1 IPEIS.6TX90ZO IS0,1PEI5.6) OUT 159
3290 FOQMAT(1H0,19X9*A E R 0 0 Y N A M I C C 0 E F F I C I E N T S* OUT 160

1 * AT T A R G E T E D Z L 0 C A T r 0 N S*) OUT 161
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zZ~~zoOUT 48

IF UIPCID .FQ. 1) GO TO 100 OT4

WRITE (6,3050) Z77(PB(M),M=Ml9M2) 
OUT so

30S0 F0W'4AT(lN 9F9.39I5F8.3) 
OUT 5

GO TO 125 OUT 53

100 DO 110 M=Ml.M2 OUT 53

110 P (m) = (PB(M)-I *) /CONT1 OT5

WRITE (6,3095) ZZ,(PB(m),M=M1,M2) 
OUT 55

30S5 FORmAT UN ,F9.1,15F8.4) 
OUT 56

125 IF (Ml *GT. 1) GO TO 25 OUT S7

MCMX=MAXO (MC*MCMX) OUT S9

WIE1)Z.FNFYFA.MXMYMZF4jZFYZFAZ'4XZMYZ'4ZZ OUT 60
GO TO 25 OT6

200 misW1+15 S IF (Ml .GT. MCMX) GO TO 250 OUT 62
M1P142MI+14 S NPTS0O S REWIND 16 OUT 62
GO TO 25 OUT 63

250 XKO=2./(DINFVINF*VINFOAREF) S XKI1XKO/ZRFF OUT 64

ATTAR=ATTA*RAO S YAWR=YAW*RAO OUT 65

ALPT=ACOS(COS(YAWRJCOS(ATTAR) )/RAO 
UT6

PHIC=XINOEF S IF (ATTA.NE.0.) PHIC=ATAN(-TAN(YAWR)/SIN(ATTARI)/RAO OUT 
67

WRITE (693200) 
OUT 68

WRITE (6,3210) 
OUT 69

WRITE (6.3220) ACH.ATTAYAW OUT 70
WRITE (693230) VINFALPT9PHIC OT1

WRITE (6.3240) PINFODNFSINF 
OUT 72

IF (NGAS *LE. 0) WRITE (6.3250) GAMMA OUT 73

IF (NGAS *GT. 0) WRITE (693260) NGAS OUT T4

WRITE 4693270) 
OUT 75

WRITE (6,3280) ZREFvAREFZ0 
OUT 76

WRITE (6,3290) 
OUT 77

WRITE (6,3300) ZC 
OUT 78

WRITE (6,3320) 
OUT 79

IF (NTARGET *EQ. 0) GO TO 265 
OUT 80

00 260 ITARGETI,9NTARGET 
OUT 81

IF (TARGETZ(ITARGET) *GE. Z) Go TO 262 OUT 82

260 CONTINUE 
OUT 83

GO TO 265 
UT8

262 NTAPGET=ITAIRGET1 
CORPI 9

265 IF (Z *GE. ZENO) GO TO 270 OUT 86

NTARGET=NTARGET.1 S TARGETZ(NTARGET)=Z OUT 87

270 NTARGETxNTARGET.1 S TARGETZ(NTARGET)=ZEND 
OUT a9

11=2 S 12=1 S ITARGET=IOU 
8

REWIND 18 
OUT 90

READ (18) ZS(12),FNS(12),FYS(12),FAS(12)'4XS(12)'YS(I2)9'4Z5C
1
21 OUT 91

275 12S=12 S 12=11 S 11=12S 
OUT 92

READ (18) ZS(1 2 )*FNS(1 2 )tFYS(12)tFAS(12)vMXS(12)tMY(12)gMS(12) 
OUT 93

IF (EOF(18)) 325,300 
OUT 94

300 IF UITARGET *GT. NTARGET) GO TO 275 OUT 95

IF (ZS(12) *LT. TARGETZ(ITARGET)) GO TO 275 OUT 96

fZT=TARGETZ(ITARGET) 
OUT 97

ITARGET=ITARGET1l 
OUT 98

CONT1U(ZT-ZS(I1) )/(ZS(12)-zs(ri)) 
OUT 99

FN=FNS(11)I(FNS(12)-FNS(Il().OCONTI 
OUT 100

FY=FYS(1I1) *(FYS (12) -FYS (I )) CONT1 
OUT 101

FA=FAS(I1).(FAS(12)-FAS(I))CO4T1 
OUT 102

MXzMXS (11) *(MXS (12) -MXS (Il)) *CO4TI 
OUT 103

MYzMYS( I) * ('YS( 12) -MVS( Ii) )CONTI 
OUT 104
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3300 FORMAT(IN ,QX*1SX,18HFORCE COEFFICIENTS91?X* OUT 162

1 2X,29MMOMENT COEFFICIENTS ABOUT Z =,1PFI5.6,7X9 OUT 163
2 19MCENTERS OF PRESSURE) OUT 164

3320 FORmAT(j IN SX,4HZ.Z0. 10X,2HCN.3X, 1OX,2HCA,3X,1OX,2HCY,3X, OUT 165

1 9X,3HCMN.3X,9X,3HCMM,3X,9X,3HCML,3X,gX,4HXCPP, 3xX ,AHXCPY) OUT 166
3330 FORMAT(IH oF9.3,1P8E15.5) OUT 167
3340 FORMAT(1H0,28X,.Z DERIVATIVES OF FOPCE AND 4OMENT COEFFICIENTS*) OUT16
3350 FORMATU C I ,X,0*ZO*,X*CNZ13XCAZ,913X,*CYZ, 12X,*CMN7,912X. OUT 169

1 *CMMZ~v1?X9*CMLZ*) OUT 170
3360 FORM.AT(IH oF9.391P6E16.S) OUT 171

END OUT 172

k-
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SUBROUTINE SAVE(EXENRUNRAPO) SAVE 2
C SAVE 3
C SAVE PRINTS OUT THE FIELD DATA FOP THE LAST IEPRPR STEPS, SAVF
C IF THE PROGRAM4 BOMBS BECAUSE OF AN ERROR CONDITION. SAVF 5
C ALSO THE WALL PRESSURES. FORCES ANn MOMENTS APE POINTED. SAVE 6
C SAVF 7

COMMON NC.MC.K.PINF.OINFPMIO, IDYAW,PIRAO) NEWCOM 1
COMMON YZ(3).YPHI(3),C(25(,CZ(25),CPHI(25),P(2092SJ NEWCOM 2
COMMON O(20.2S5,P(20,25,*U(2025).V(20925).W(20,2SgASG(20,25) NEWCOM 3
COMMON CU(4.20.25),CUP(4.20,25) NEWCOM 4

C *** END OF PLANK COMMON * C03CSS 32
COMP4ON /CSAVE/ IERRPR.mAS CSAVE 2
COMM4ON /CB00Y/ ZtBZZ99PHPH198ZP419TANCO*OELZ Csofly 2
1 *PHI(25)-R(25)99Z(2S)98PHI(25)oCOSPHI(2S)oSINPHI(2S) CRODr 3

C SAVE 9
DIMFNSION EX(17) SAVE 10
ENOFILE 16 SAVE 11
IF (IERRPR *LE. 0) GO TO 75 SAVE 12
DO ?S IX1,IERPPR SAVE 13

25 BACKSPACE 16. SAVE 14
RACKSPACE 16. SAVE 15
00 SO Is1.IERRPP SAVE 16
REAr) (16) NCMC.ATTA.YAWACH,GA'qMA,PINFDINFPHIOK.Z SAVE 17
A *NGASNTESTRPX SAVE 18
I ,ENFYEAMEMY.MZENZEYZFAZMXZMYZMZZ SAVE 19
? .(PMI(M),C(M),CZ(M),CPMI(M).Mu1,MC) SAVE 20
3 *(RN')UNMt(*)WN4o(*)0NMguoCtaoC SAVE 21
DO 40 M=lMAS SAVE 22

40 CALL SOOY(M) SAVE 23
SO CALL FIELD SAVF 24
75 CALL OUT SAVE 25s

STOP SAVE 26
END SAVE 27
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SUBROUTINE TRANFO RNF

C 
TRANFD 3

C TRANFO DEFINES QUANTITIES NEEDED BY SUBROUTINE 
TRANFO 3

C TRANF WHEN THE USER READS IN THE SF(X.Y,Z) DATA POINTS TRANFO 5

C 
TRANEFD 6

CMO CRN/NSFDSFD(20),SFXD(20),SFXXIO(20) 
NEWCOM a

READ (592000) CSFD(N)gN1,sNSFD) TRANFO 1

2000 FORt4AT(5F10.0) 
TRANFO 11

NSFnml=NSFD-1 
TRANFO 12

DX:I ./FLOAT INSFOMI) 
TRANFD 13

TwoD)X=1./(2.*DX) S DXS0=1./DXO*2 TRANFD 14

DO S0 Nx2tNSFDMI 
TRANFO 15

SFxf(N)=(SFflN.)SFON1)[TWOOX 
TRANFD 16

50 SFXXD(N):(SFD(N.)-2.SFD(N)*SFD(N1))fl~xsn 
TRANFO 17

C 
TRANFD 18

C SFXXD IS ASSUMED LINEAR ON (0,2DX) AND (1-2DX91) TRANFO 19

C 
TRANFD 20

SFXXD (1)=2.*SFXXD (2) -SFXXD(3) 
TPANFO 21

SFXXD(NSFD)=2.*SFXXD(NSFDM)-SFXXD(NSFD-2) 
TRANFO 22

SFXO(1)=SFXD(2)-.5DX*(SFXXD(1)*SFXXD(2)) 
TRANFD 23

SFXO)(NSFD)2SFXD(NSFDM).50X(SFXXD(NSFD)+sFXXD(NSFDMI)) 
TRANFO 24

3300 FORM4AT(1H14X*NO1SX,SF,917X,*SFX*91AX,*SFXX*) 
TPANFD 26

DO 125 N=1,NSFD 
TRANFD 27

125 WRITE (6,3400) NSFD(N)tSFXD(N),SFXXD(N) 
TRANFO 28

3400 FORMAT(1H ,15,1P4E20.6) 
TRANFO 29

RETURN 
TRANFD 30

END 
TRANFO 31

205



NSWC/WOL/TR 77-28

SU8QOUTINE THANGD TRANGO 2
C TRANGO 3
C TRANGD DEFINES QUANTITIES NEEDED RY SUBROUTINE TRANGD 4
C TRANG WHEN THE USER READS IN THE PHI VALUES TRANGO 5
C TRANGO 6

COMMON NCmr.K,PINFOINFPHIO, I)YAWvPI ,AO) NEWCOM 1
COMMON YZ(3).YPHI(3),C25)CZ(25)CPHI(2),R(20,25) NEWCOM 2
COMMON O(20.25),P(20.25),U(?0,25),V(20,25),WC20,25),ASQ(20925) NEWCOM 3
COMMON CU(4.20,2S)sCUP(4920,2S) NEWCOM 4

C *** END OF RLANK COMMON *** CD3CSS 32
COMMON /CTRANG, NSGDSGD(25)oSGYD(25)tSYYD(2S) NEWCOM 6
1 *GYMOY.GYYMDY,GYIPDYoGYYIPDY CTRANG 3
? .MCP NEWCOM 7

C TRANGO 9
REAn (592000) CSGD(M)*M=19NSGD) TRANGD 10

2000 FORMAT(SF10.0) TRANGD 11
NSGDMI=NSGO-1 TRANGO 12
Dy~1 ./FLOAT (NSGD#M1) TRANGD 13
TWODY=1./(2.*DY) S DYSG01./DY**2 TPANGO 14
DO 2S M=I.NSGO TRANGD 15

25 SGO(M)=SGD(M)/SGD(NSGD) TRANGO 16
DO SO M=29NSGDMl TRANGO 17
SGYD(M)=(SGfl(m.1)-SGD(m-1)).TWODY TRANGD 18

50 SGYYD(M)=(SGD)(m.U-2..SGD(M.#SGD(M-1))*O)YSQ TRANGO 19
IF (PHIO *LE. 2.*PI-1.E-6) GO TO 75 TRANGO 20

C TRANGO 21
C NOTE THAT SGD(Y+1)=SGD(Y)*1 FOR NON-SYMMAETRIC PROBLEM (Pm10w36O) TRANGD 22
C TRANGO 23

SGYO( 1)=SGYD (NSGD)=(SGO(2)-SGO(NSGD-1) .1.)*TWOOY TRANGO 24
SGYYO(1 )2SGYYD(NSGO)a(SGO(2)-2.SG().SGl(NSGD-1)-l.)*DYSQ3 TRANGO 2S
GO T0 100 TRANGO 26

C TRANGO 27
C NOTE TH^T FOR SYMMETRIC PROBLE4 (PH10180O) TRANGO 28
C SGYYD IS ASSUMED LINEAR ON (-DY920Y) AND U1-2DYqI+OY) TRANGD 29
c TRANGD 30

75 SGYYD(1)=2.*SGYYD(2)-SGYYD(3) TRANGO 31
SGYYD(NSGD)=2..SGYYD(NSGDM1)-SGYYD(NSGD-2) TRANGD 32
GYY'40Y=2.*SGYYDI 1)-SGYYD(2) TRANGD 33
GYY1PDY=2.*SGYYD (NSGD) -SGYYO (NSSOMI) TRANGO 34
SGYOU1=SGYn(2-.OY*.SGYYDU.)SGYY(21) TRANGO 35
SGYD(NSGD):SGYO(NSGDM1).5DY*(SGYYO(NSGO).SGYYD(NSGDM1)) TRANGO 36
GymDY=SGYD(2) -2.*OY*SGYYO(l) TRANGO 37
GY1PDY=SGYD(NSGDMI) .2.4DY*SGYYD(NSGD) TRANGO 38

100 WRITE (693300) TRANGO 39
3300 FORA4AT( IHI ,4X,.M.,15XPHI.,18X,*SG*,17X,.SGY*,16X,4SGYY*) TRANGD 40

mSO S WRITE (6.3350) M.GYMDYGYYMOY TRANGO 41
k3350 FORmAT(1H 9!5.40X.1P3E?0.6) TRANGD 42

PHIOD=PHIO/PAD TRANGO 43
D0 125 M1,9NSGO TRANGO 44
PHIM=SGD(M)*PHIOD TRANGD 45

125 WRITE (693400) MvPHIMoSGD(M),SGYD(M)vSGYYO(M) TRANGO 46
3400 FOR'4AT(1H vTSv1P4E2O.6) TRANGO 47

*M=NSGO.1 S WRITE (693350) MqGY10OYqGYY1POY TRANGO 48
RETURN TRANGO 49
END TRANGO 50
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SUROUIN D PT (NAMF,KNT.Z.Kq,'4N.VALlJE) DMPSORT 2
c DMPSQRT 3

C NAMAE IS Tr NAME OF THE ROUTINE MSR' .

C KNT IS THE NUMBER FROM WHICH NAME WAS CALLED OmPsQRT 5

C 7 IS THE Z VALUE DpP
C K IS THE STATION NO.~ O&4PcQRT 8

C 4 IS THE PLANE NO. DMPSORT 9

C N IS THE RADIAL POINT NO. MST 1

C VALUE IS THE ARGUMENT OF SORT ROOT DMPSORT 11

C OMPsQT 12
WRITE ($,,30fl0) NAME.KNTVALUEZK90,N 

DPOT 1

3000 FOQMAT(1H19.1N ROUTINE *gA10,* AT CALL NO.*9I3,PXv OUPSOPT 13

I ONEGATIVF SORT ROOT OF**IPEIS.6# 
OmPc-QPT 14

2 *FOP Z9KqM9N*9jPEj9.6q315) 
DHrSQPT 15

CALL SAVE IDUMvOUM.OUM) 
DPQT 1

STOP Dt4PSQPT Is
END

e
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